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Preface 


In the National Climate Frugiam Act of 1978, Congress left no 
uncertainty as to the importance of climate-related data *o the 
success of the national climate effort. The act called for specific 
program elements regarding: 

• Global data collection, monitoring, and analysis to provide 
reliable, useful, and readily available information on a continuing 
basis. 

• Management and dissemination of climatological data, in- 
formation, and assessments, including consultation v/ith current 
and potential users. 

• International cooperation in climate research, monitoring, 
analysis, and data dissemination. 

The act also provided for an Intergovernmental Climate Program 
that would, among other things, support “atmospheric data col- 
lection and monitoring on a statewide ard regional basis” and 
provide “information to users within the State regarding climate 
and climatic effects.” 

The Board on Atmospheric Sciences and Climate has long 
recognized the many potential benefits of meteorological and cli- 
matological services to the nation and the key role played by 
climate-related data and information in realizing these benefits. 
In its report, Toward a U.S. Climate Program Plan (Climate Re- 
search Board, 1979), the board recommended that the federal 
government: 

Formulate a conceptual framework for a CIS (Climate Infor- 
mation System) 03 a basis for future planning of the climate 
data, information, and services component of the U.S. Climate 
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Program. The framework should provide for the cfiecti"e man- 
agcment of climatic data, the transformation of these data into 
useful climate information, and the rapid dc’wcry of data and 
information to users. 


A later report, A Strategy for the National Climate Program 
(Climate Research Board, 1980), identified and ranked spec’fic 
recommendations regarding observational and datar management 
needs at both the national and international levels. Many of these 
recommendations were subsequently incorporated’ into the first 
five-year National Climate Program Plan. This report also envi- 
sioned the phased development of an Intergovernmental Climate 
Program with activities centered in the areas of climate inf -ma- 
tion services, climate data acquisition and analysis, and climate 
effects studies. 

With the implementation of *he National Climate Program, 
the board has cought to provide more specific advice on key data- 
related issues. A 1981 report by the board’s Panel o.. the Effec- 
tive Use of Climatic Information in Decision Making, Managing 
Climatic Resources and Risks (Climate Board, 1981), focused pri- 
marily on the delivery of climate data and information to use, a. 
It recommended that the National Climate 1 ogram Office take 
positive steps to coordinate federal management and use of cli- 
mate information. It also highlighted the importance of networks 
of local experts and continued representation of user interests 
throughout the climate-information svstem. 

The role of decentralized climate services involving both the 
public and private sectors was especially emphasized bythc board’s 
Panel on Intergovernmental Climate Programs in a 1982 r*nort, 
Meeting the Challenge of Climate (Climate Board, 1982). This 
panel analyzed the utility of climate services iu a wide range of 
activities to identify user needs and consequent requirements for 
an etfcctive information system. The principal recommendation of 
the panel was that “the National Climate Program Office should 
take a leadership role in the development and support of a coor- 
dinated, nationwide system of climate services involving both the 
public and private sectors." fl felt strongly that such a nation- 
wide system should build on existing state and regional climate 
programs and on existing networks of experts in both the public 
and pr'vate sectors. 




Recognising that the delivery of climate data, information, 
and oer vires is intimately tied to the entire national system for 
acquiring, archiving, and dissenvnating climatc-relatcd data, the 
board established the present Pwiel on Climate-Related Data in 
1934. Specifically, the board charged the panel with formulating 
recommendations for actions to improve this system at the state, 
regional, and federal levels. As part of this task, the panel was 
asked to review the scope and development of climate-related data, 
the value of such data as a national resource, previous studies of 
data issues, and tho strengths and weaknesses of the present data 
system. 

“Climate 1 ' is an inherently imprecise and open-ended on- 
ccpt. Narrowly defined, data relevant to climate might be said 
to comprise simply the observed statistics of the classical weather 
elements — temperature, precipitation, wind, and so on, over the 
land aurfcco where people live and work. Mariners and avia- 
tors would perhaps favor a broader definition that might include 
ocean waves and currents, winds, and temperatures in the free 
atmosphere, and the boundaries and characteristics of enow and 
ico on land and sea. Scientists seeking to understand the be- 
havior of the earth’s climate system would no doubt call for far 
more information on changing solar radiation, satellite observa- 
tions of cloudiness and radiation duxes, the ocean’s composition 
and deep circulation, the characteristics of the land surface, the 
atmosphere’s chemical composition, the earth's biota, and so on. 
Finally, thoso concerned with the relationship of climate to human 
rifoiro would demand a vast amount of information on the sectors 
of society induenced by climate. 

At the outset of its work, the panel recognized that a truly 
comprehensive review of climate data in the broadest sense would 
be beyond its grasp. But where to begin, and how far to go? 
The panel chose to focus on a limited subset of climate data — 
observations of the past variation and statistical character of the 
classical weather elements as recorded by the world’s weather ob- 
serving networks. Thcso observations document reasonably well 
tho characteristics of atmospheric variability near tho earth’s sur- 
face over tho legions of human activity. Thus, they provido tho raw 
matetial for most practical applications of climate information to 
tho planning and management of society’s work. Moreover, since 
the bulk of these data are obtained and managed by NOAA, the 
panel could clearly focus on the related institutional issues. 
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The narrow ccopo adopted by the panel, however, leavra unex- 
amined on extremely broad range of issues. For example, oceanic 
data cro of vital and growing importance for both research and 
practical applications. Indeed, the major research programs of the 
World Climate Research Program cro largely oceanographic in 
character. Satellite observations provide uniquely valuable global 
coverage, but present formidable problems of data transmission, 
archiving, and dissemination. NOAA is by no means the only 
agency engaged in obtaining and managing climate data. These 
complex and important issues that are of especially pressing con- 
cern to the research community merit separate and intensive study 
before a truly comprehensive and integrated view of the manage- 
ment of climate data can be developed. Thus, the present panel’s 
work should bo considered only os an initial contribution to a 
larger task. 

During the ponoi’o study, the National Climate Program Office 
requested that tho Board cn Atmospheric Sciences and Climate re- 
view progress in implementing tha Notional Climate Program and 
help define directiona ior the next five-year National Climate Pro- 
gram Plan. In response, the board held a workshop in July 1935 
in which several panel members participated. The workshop re- 
port, entitled The National Climate Program: Early Achievements 
and Future Directiona, points out tho advances in technology and 
changes in expectations vio-a-vis data and information services 
that have occurred in recent yoars. This has led to the growing 
obsolescence of the distinction between ‘‘weather’’ and “climate” 
in the administration and management of the national data sys- 
tem. The report identifies csvoral areas where more progress is 
urgently needed, especially in light of tho rapid modernisation of 
data collection cystoma in tho National Weather Service and cise- 
whcro. A fundamental problem, the workshop noted, is the lack of 
a coordinated national program for climate cervices. All of these 
issues are addressed in more detail in tho present report. 

The panel met five times between March 1934 and January 
1986. Panel members tad atoiT also met informally on several 
occasions. Tho group is grateful to tho National Climatic Data 
Center for hosting its «ccond meeting in July 1934; to tho Illinois 
State Water Survey for hosting its third meeting in November 
1984; and to the National Meteorological Center for hosting its 
fourth meeting in March 1935. Thanks are also extended to the 
American Meteorological Society for its assistance in holding an 
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informal discussion at the 1085 Annual Meeting in Los Angeles and 
tho panel’s final meeting at tho 10G5 Annual Meeting in Miami. 

The panel also v/irhea to acknowledge the diverse and substan- 
tiva inputs provided by many different individuals, too numerous 
to name, from both the private and public sectors. Special thanks 
are extended to Margaret Oauraia of the National Environmen- 
tal Satellite Data and Information Service, Ken Hodcen of tho 
National Climatic Data Center, and Alan Hcckt of the National 
Climate Program Office for their support of tho panel’s work. 

Finally, the panel thank# John S. Perry and Robert S. Chen 
of the Board on Atmospheric Sciences and Climate staff for their 
extensive and substantive contributions to the preparation of this 
report. 

Werner Baum, Chairman 
Panel on Climate-Related Data 
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Executive Summary 


Ifcchnologics developed in recent decades for collecting, processing, 
and utilizing weather and climate data havo revolutionized meteo- 
rology and climatology. Satellite now routbely monitor weather 
and climate conditions at both regional and global scales. Ad- 
vanced radar provides early warning of dangerous weather equa- 
tions and high-resolution data on atmospheric structure. New gen- 
erations of computers support ever-moro complex mathematical 
models for weather and climate predictions. Innovative telecom- 
munications technologies permit rapid, automated distribution of 
meteorological and climatological data and derived products at 
reasonable cost on local, regional, and global scales. 

Theca startlbg technological advances have brought many 
benefits and the promise of many new ones — including better 
v/eather and climato forecasts, more timely and reliable wambgs 
of dangerous weather events and climatic episodes, and increased 
efficiency in many cecto.s of the nation’s economy. 

They have also brought now problems. Foremost among these 
is the explosive growth in the quantity end diversity of weather and 
climate data, growth that could overwhelm tho capabilities of cur- 
rent data systems in the United States. Indeed, thb growth threat- 
ens the integrity of the climatic networks and data bases on which 
these cyatcma depend. Technologies for the quality control, stor- 
age, and retrieval of data, although bereasbg in sophistication, 
have not kept pace with the flood of new bstruments and tech- 
niques for data collection and tho burgeoning demand for timely, 
high-quality weather end climato data from around tho world. Nor 
have the bstitutions responsible for maintaining basic weather and 
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climato data cyatcms had tho resources to do much moro than rc- 
Bpond in cd hoc fashion to any but tho most pressing demands 
for data end for information cervices. Difficult choices nor/ face 
these institutions regarding hov/ to handle the vast amounto of new 
data. Thcco choices will inevitably inSuenco the fata of all data, 
now or old, end will likely have profound effects on tho reliability, 
efficiency, and utility of the national weather end climate data sys- 
tem for decades to eomo. This report centers on. the atmospheric 
component cf thb Hood of data, a stream primarily managed by 
the National Oceanic and Atmospheric Administration. 

A second major problem is tho enuring tmndiccp that the dis- 
tinction between a weather * end e eUsnate" in NCAA imposes on 
the efficient management end use of data. Numerous applications 
of weather and climate data require careful integration of rcal- 
timej near-real-timo, and pent data on atmospheric, hydrologic, 
and related parameters. Cions integration of data bans manage- 
ment end research functions is also critical to maintaining both 
high-quality data cats and high-quality research. Tbs preesnt sep- 
aration of data responsibilities between tho cation’s operational 
weather agency, tho Notional Weather Service (NWS), and its 
environmental data service agency, the National Environmental 
Satellite and Data Information Service (NESDIS), hinders cuch 
integration. For example, the Cooperative Observers Network, 
by far tho largest network in tho United States, is operated by 
NWS, but data from the network are handled for the most part 
by NESDIS. In addition, there appear to bo came instances of 
lxss-thaa-optimel allocations of dato-rdated resources, insufficient 
integration of data management and dicceminctien, and inflexibil- 
ity in meeting important climatological needs. New institutional 
arrangements aro needed to improve cooperation and coordination 
of data activities at both operational end planning levels. 

A third major problem intensified by rapidly changing tech- 
nologies is tho uncertainty induced by the lack of clear commitment 
and consistent policies regarding federal rales and responsibilities in 
the operation and maintenance of the national weather and climate 
data system and the provirion of related services. This uncertainty 
continues to hinder development of both public ccctor and value- 
added private sector applications of weather and climate data 
throughout tho nation. Changing coat structures, uncertain ac- 
cess to data, a confusing array of federal agencies with overlapping 
missions, the potential for cutbacks in critical federal cervices, end 
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tha threat of competitive federal activities make the environment 
for innovation difficult at beat. One consequence hen been tho 
uneven development of climate data bacc3 and associated cervices 
across the nation. 

These problems are by no means insurmountable. Meat ingro 
diento for an innovative and rcsponcivo data system already exist. 
In both tho public and private ccctors, many new approaches and 
methods have been developed in recent years, despite tho problems 
noted above. These represent important opportunities to improve 
productivity and efficiency in agriculture, water and energy man- 
agement, transportation, construction, and ether economic castors 
throughout the country. New methods are constantly being de- 
veloped. The challenge to government is to develop appropriate 
institutional mechanisms to moke techniques and data resources 
available to users and potential users and to actively promote the 
effective and efficient use of weather and climate data through- 
out tho nation’s economy. With this challenge in mino, the panel 
has developed a number of recommendations, discussed in greater 
detail in the body of this report. 

The most critical need is fer strong leadership and coordina- 
tion by tho federal government with tho support and representa- 
tion of all of the major contributors to and users of the national 
weather and climate data system: 

Recommendation 1: The federal government should clearly ar- 
ticulate an integrated national policy covering its obligations 
and limitations in (a) the observation and monitoring of the 
weather and climate; (b) the collection, processing, and man- 
agement of weather and climate data; (a) the retention and 
archiving of weather end climate data; and (d) the provision of 
weather and climate information and services. 

This policy should identify federal agency roles in all aspects 
of data and services and coordinate diverse inputs from both the 
public and private sectors. 

A second critical need is to streamline the management of 
weather and climate data within tho federal government: 

Recommendation S: The federal government should recognize 
the users’ need for a continuum in the management of weather 
and climate data. NOAA should therefore reassess its existing 
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institutional arrangements with the objective of improving the 
coordination of weather and climate data activities. 

NOAA’o rclo in tho national weather and climate data system 
is central. Ib facilitate coordination within NOAA and between 
NOAA and other agencies, tho following b recommended: 

Recommendation S: NOAA choali establish a central data of- 
ficer for weather and climate data with, a clear mandate , broad 
authority, and sufficient resources to (a) conduct systematic 
and impartial etudiso of requirements for veathcr and climate 
data and of new technologies for efficiently meeting these re- 
quirements; (b) coordinate planning for new weather and cli- 
mate data management, communication, end dissemination 
systems throughout NOAA; (e) develop clear ctandarda for 
data collection and instrumentation, consistent and efficient 
quality control, and eoit-cjfcctivc data archiving and dissemi- 
nation for basic observations, derived parametero, gridded data 
sets, and epeeial-ptirpose data sets eueh as those obtained in 
field experiments; (d) ensure the continuity, careful manage- 
ment, and coordination of keg climate networks, data bases, 
and publications, including the cooperative end baseline ob- 
serving networks; and (e) act as coordinator end arbiter in 
decisions concerning resource allocation, technologies! mod- 
ernization, and data preservation, both within NOAA and in 
cooperation with other agencies, and serve as a focal point for 
coordination with the World Weather Watch program of the 
World Meteorological Organisation. 

Many opportunities exist to introduce and enhance tho use of 
weather and climato data throughout tho nation’s economy, with 
potentially largo sa/ings and payoffs for relatively smell invest- 
ments by the public castor. Thcrofcre, 

Recommendation j: The federal government should increase 
active promotion of the application of weather and climate 
data in both the public and private sectors, including continued 
documentation and demonstration of the broad utility and value 
of such data. 
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Such outreach activities might includa the funding of sector 
or regional studios end tho organization of seminars and work- 
shops. Consideration might bo given to formation of a federal* 
otato-privato sector board to coordinate these activities, many of 
which might be koyed to the 1DG0 cencua and tho impacto-oricnted 
climatic atlas recommended by tho 1935 Woods Hole workshop 
(Board on Atmospheric Sciences and Ciimato, 1886). 

Tho panel views these recommendations as important early 
stops toward an institutional structure for ciimato data manage- 
ment that can meet tho challenges of rapidly changing technology 
and growing national needs for data and services. What is most 
critical, however, is that the federal government seriously examine 
its handling of weather and ciimato data from a broad, long-term 
perspective, and that it establish mechanisms to ensure sensible, 
government-wide planning and implementation of data manage- 
ment. 
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Introduction 


If the weather did not vary from day to day and piano to place, 
there would be little need for climato data — one cot of numbers 
would cuffice for cny purpose. But in reality, the earth's climate 
ij highly variable on a wide range of time and space scales. Tem- 
perature, precipitation, wind, cud other climatic parameters often 
chaugo rapidly in only a few hours or a few kilometers. Climatic 
episodes ouch es droughts end heat waves may persist for months 
but end in a day. Weather events like hurricanes, thunderstorms, 
and tornadoes generate highly localized and trancicnfc extremes — 
and too often leave extreme damage in their wake. High-resolution, 
high-quality, and timely climate data aro thus critical to under- 
standing our climate and to improving decision making regarding 
its varied opportunities and hazards. 

Technologies for gathering climate data of high resolution and 
quality have advanced rapidly in recent years. Sophisticated in- 
struments utilizing new electronic end optical techniques can mea- 
sure many different climate and climato-rclated parameters contin- 
uously and automatically. Satellites provide not only largo- or even 
giobal-Ecalo observations, but also measurements with resolutions 
of a few hundred meters or lees. New Doppler radar instruments 
can continuously monitor atmospheric winds, permitting more 
rapid and reliable detection of wind shear, severe storms, end tor- 
nadoes. Inexpensive microcomputers have greatly increased the 
capabilities of automated weather stations and drastically reduced 
their costs. 

Increasing data resolution means increasing data volume.. A 
typical meteorological satellite may generate several trillion bytes 
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of data over its lifetime, enough to fill tens of thousands of high- 
denrity magnetic computer tapes. Doppler radar systems ouch 
as the next generation radar (NEXRAD) planned by NOAA can 
generate comparable amounts. Even a email, automated weather 
station b capable of producing millions of bytes cf data in a year. 

The variety of data is also increasing, not only because of 
new instrumentation, but also because tho uses fjr — and users 
of— weather end climate data era growing in sophistication. For 
example, systems to detect and pinpoint the location of lightning 
strikes are now in widespread use by electric power utilities, forest 
managers, aerospace and defense facilities, and h coord meteorolo- 
gists. Many municipal and county governments utilize automated 
precipitation and streamfiow stations in flood-prone areas. Re- 
cently, a company in the United Kingdom has begun to map and 
monitor winter road surface temperatures in order to improve 
sanding and salting operations. Formers often meosuro precipita- 
tion, soil moisture, and other parameters to ensure more efficient 
and effective applications of water, fertilizer, and pesticides. 

These new technologies and applications create unparalleled 
opportunities for increased economic efficiency, now products and 
services, reduced damages from climatic extremes, end many 
other improvements. Unfortunately, tho magnitude and rapid- 
ity of change have stretched the ability of the present weather 
and climate data system to support even current levels of activ- 
ity efficiently. Although many elements of existing services are 
exemplary, many others fall short of what b needed and feasible. 
The present system thus pores a major obstacle to the attain- 
ment of the potential benefits of weather and climate information 
envisaged in tho National Climate Program Act. 

This report analyzes come of the weaknesses in the present 
system in the face of change and makes recommendations to rem- 
edy them. It also highlights come key areas where straightforward 
action con lead to substantially moro effective and efficient uti- 
lization of weather and climate data. Within thb exceedingly 
broad area, the report focuses on a narrow, but fundamental clues 
of information — data on the classical weather elements acquired, 
held, and disseminated primarily by NOAA. This consciously nar- 
rowed scope neglects a number of important areas, notably the 
oceanic and satellite data so important for research. However, it 
doc3 address tho data most useful for immediate practical appli- 
cations in tho planning and management of the nation ’o economy. 
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Actions to improvo tbs effectiveness of this component of the cli- 
mate data systems do not require large investments of resources 
by the federal government but rather commitment, sensible lead- 
ership, and careful coordination of oil those involved. 
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Climate Data: 

Changing Definitions and Needs 


Systematic collection of climate data began in the nineteenth cen- 
tury. Many data were collected as part of early attempts to define 
resources and to predict the weather. The climate was recognized 
as part of the geographic endowment of localities and regions. It 
was genera] knowledge that weather and climate set boundaries for 
various human activities, principally agriculture, and that they in- 
fluenced clothing, housing, heating, and modes of transportation. 
The primary concern was with temperature, precipitation, and 
wind. Ths convention was to deal primarily with the mean values 
of these elements, e-en though there was early recognition that 
extreme values had great practical importance. 

In the twentieth century, the importance of weather and cli- 
mate in decision making has increased, and the ccope of observa- 
tions and their use has 'hanged. The greatest change came with 
the advent of aviation, when weather data became “four dimen- 
sional” and operational. Growth in needs for both short-range 
forecasts and statistically sophisticated analyses of past data for 
planning has spurred rapid scientific development in atmospheric 
sciences. Military needs (c.g., military aviation, ballistic calcula- 
tions, chemical warfare) have placed premiums on these develop- 
ments. This was particularly true in World War II an ’. subsequent 
hostilities. 

Civilian needs and applications have also steadily expanded. 
A ksy area of growth is the use of weather data collected for 
forecast purposes to evaluate the “immediate past” in relation to 
long-term mean values or past extremes. Climatologies and cli- 
mate “scenarios” arc used to assess crop production on a current 
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basis and to assess the likely impact of haaaxda such ca drought, 
floods, and cove re storms. Disaster relief has become a worldwide 
affair, and climate data a critical input into disaster monitoring. 
Local and regional effects of air pollution require now types of 
climatological analyses. Plant location and siting, especially for 
nuclear power installations, have created new demands for climate 
data. Energy crises have increased needs for v/ind and color ra- 
diation data. Energy-efficient housing and building construction 
have bccomo a new focus of attention tor climatologists. 

On a broader ecale, the fluctuations of climate and their causes 
have become the target of intensive rersarch. Practical aims in- 
clude the diagnosis of possible anthropogenic climatic changes and 
their impacts on the earth's ecosystems and resources, and the 
search for mothod3 for predicting the state of the atmosphere be- 
yond the usual limit of weather forecasts of about S to 10 days. 
Past climate data are still the mainstay of such predictions. New 
physically based methods of prediction are also emerging, and their 
development is dependent on the timely availability of coordinated 
climate and climate-related data for large regions. 

2.1 ELEMENTS OF THE PRESENT NATIONAL SYSTEM 

The present system for handling weather and climate data in the 
United States involves numerous federal and state agencies, thou- 
sands of individuals, and many different businesses, universities, 
and other private institutions. The flow of data is complex. No- 
tably, data are typically labeled as either “weather* data or “cli- 
mate" data and are often managed separately. However, there is 
really a continuum from the point at which observations are made 
to the point at which derived information is used and archived. 
Because of this continuum, each element of the national data sys- 
tem b critical to the attainment of the overall utility and value of 
weather and climate data in the nation. 

The sequence of events is that at regular synoptic weather sta- 
tions the observations are taken and electronically transmitted to 
a forecast center. A permanent record is also made at the station. 
The main forecast center in the United States, the National Meteo- 
rological Center (NMC), makes an initial quality control check and 
enters the data into a computer model for the weather forecasting 
process. Immediately thereafter the same observed weather data 
are essentially labeled climatic data. 
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la cooperation with the U.S, Department cf Agriculiure 
(USDA), NMC issues tho first climatological product, the Weekly 
IVcatier end Crop Bulletin, a voncrablo publication first issued in 
1872 and now in its 72nd volume, having appeared earlier under 
a different titlo, Weekly Weather Chronicle, The Climate Analy- 
sis Center (CAC) at NMC ala propcrcs the Climate Diagnostic 
Bulletin and tho Climate Anomaly Monitoring System (CAMS) 
on a monthly bods. In addition, it furnichea the World Climate 
Program (WCP) with a brief monthly world weather anomaly 
chart. 

It should bo noted horo that tho NMC b port of. tha National 
Weather Service (NWS), which b also responsible for tha man- 
agement of tho Cooperative Observers Network, This network b 
tha backbone of climatological information for tho country. It b 
maintained to fulfill the obligation to “establbh tho climate of the 
United States," which woe laid down in tho organic act establishing 
a civilian Weather Bureau in 1GS0, 

Yet tho data collected at these stations flow through another 
channel. They go in manuscript form to th«f National Climatic 
Data Center (NCDC) os do the original hard-copy data from tha 
U.S. synoptic stations. Some cooperative ctationo also furnish cur- 
rent temperature and precipitation observations to NMC and tha 
offices of the ctata climatologists, where these exist. At NCDC tho 
materials arc subjected to fairly rigid quality control checks. They 
are machine-processed for two monthly publication caries: Local 
Climatological Data for the synoptic stations end Climatological 
Data by states for tho cooperative network. Finally, the material b 
microfilmed and enters tho archive at NCDC, which by delegation 
of authority by the U.S. Archives is tho depository for US, weather 
data. NCDC is the main provider of climate-related’ data to the 
usor community. It b currently managed by the National Environ- 
mental Satellite and Data Information Service (NICSDIS), which 
is on the aamo organisational level within the Nations] Oceanic 
and Atmospheric Administration (NOAA) os tho NWS. 

In addition to the synoptic and cooperative station networks, 
there ore many other oourcea of "specialised" climatic data. Ob- 
servations arc taken on a wide variety of parameters, ranging from 
soil temperature and moisture to surface solar radiation to upper 
air temperatures and humidities. Measurement networks eta typi- 
cally operated by governmental agencies or other organisations for 
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specific purposes, e.g., water management, flood control, air pollu- 
tion monitoring, end hns&fd end resources assessment. Bata may 
bo gathered ca a routine ct cporcdic basis and often proviso much 
greater detail on environmental phenomena than can bs obtained 
from General national networks. In General, data of thb type euro 
cent to NCDC oa a regular basis to bo archived. However, thb 
is usually voluntary oa tho part of tho criminating organbation, 
and there are no established coordination mechanisms by which 
tho NCDC can ensure the completeness, quality, and timeliness of 
specialised data cots. 

Dissemination of data cots to users normally occurs directly 
via the source of data or indirectly through tho NCDC or other 
intermediary ouch ca a private consultant or a state climatologist. 
There intormsdiarics often provide additional “value-added* cer- 
vices such os repackaging data in oasicr-to-ucc form, reformatting 
them to user specifications, or combining them with other types of 
data. While many data are distribut'd through regular cr irregu- 
lar publications cuch cs theca mentioned above, r. largo proportion 
is disseminated in response to direct user requests. 

2.2 END UbT. AND END USERS OF CLIMATE DATA 

Tho ultimate b oal of tha national system for climato data b to 
arebt “end users" with their “end uses* of climato data. Kara, the 
term “end* is used to distinguish actual applications of data to spe- 
cific problems within various rectors of the economy from interme- 
diate stages of data uss end dissemination primarily by the clima- 
tological community and tho media. End uses vary greatly, from 
the utilisation cf weather records in scheduling outdoor events to 
the incorporation of snow, ice, and wind loading information into 
building designs to tho assimilation of large amounts of clima- 
tological data into complex agricultural models. End users also 
vary, ranging from tho individual farmer or gardener worried about 
cumulative sunshine and precipitation to giant oil companies con- 
cerned with climatic extremes experienced by oil platforms and 
tankers. In general, tho greatest variation in data needs occurs 
between end uses, primarily with respect to data typo, frequency, 
and spatial coverage. Data needs also vary with the typo of end 
user, especially in reference to the form of dissemination. Some 
end uscra need data primarily for long-range planning and design, 
while others utilize both wcathor and climate data operationally 
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on a rcnl-tima basb. For tha htter, the timeliness of data fa 
often extremely important — delays in tho system can in come 
caeca make data virtually worthier. 

It ia useful to catcgoriss end uses in terras of major ccctoia 
of tha economy. An a etariing point, Tablo 2.1 lists the economic 
ccctoro typically used by cconcmbta (0.3., Bureau of tho Census, 
1C34, p. 483), Many valuable end uses of climate data can bo 
found in each castor. In come ouch u agriculture, climate data 
nro need regularly ia both planning and operations by production 
managers (farmero), financial ndviscru (bankers end insurers), sup- 
pliers (end, fertiliser, end equipment vendors), end distributor! 
(grain companies and marketing cooperatives). In others cuch as 
mining ond communications, utilisation of climate data may bo 
relatively epcradic, but can nonetheless be extremely important. 

Tho diversity of ond usee end potential end users is constantly 
increasing. For example, the report Meeting the Challenge of Cli - 
mate (Climate Board, 1832) notes that now opportunities for 
talcing advantage of climatic resources can arise from: 

1. Technological developments, ouch as solar and wind energy 
systems or new insulation methods, that generate new use3 of 
climatic resources or better adaptations to climatic hazards and 
conditions. 

2. Social changes, ouch ca altered population levels or policy 
decisions, that chango tho patterns cf use of climatic resources 
(e.g., water supplies) or permit different ways of dealing, with 
climate (e.g., insurance mechanisms and building codes). 

3. Long-period climatic fluctuations or climatic changes on 
local, regional, or global cedes, perhaps due to anthropogenic 
influences cuch as omissions of rediatively active trace gases, urban 
development, or watershed modifications, that alter the mean 
climatic conditions or the likelihood of extremes to which coeiety 
is currently adopted. 

Changes of this kind are rapidly making traditional definitions 
of end uces and end usera obsolete, Tbday’o users are much more 
likely to need unusual combinations of conventional and unconven- 
tional data, oophisticated data processing and analysis, and both 
real-time and historic data. 

Serving this growing diversity of end use3 and end users in 
an effective manner poses a difficult challenge. Many potential 
end users are not awaro of the availability of climate data cr of 



TABLE 3.1 Economic Sector* end End Uss Examples 


Economic Sector 

1. Agriculture, forestry, tad fisheries 

3 . Mining 

3, Construction 

4. Manufacturing 

B. Transportation 

0, Communications 

T. Electric, set, end sanitary ttrvicc* 

8. Wholetii* tnd retail tr&d* 


End Uu Ccamplta 

planting, inigtiioa, harvesting, 
fw-t moaengtsaent, livestock 
production, fish harvceUng, Qn 
control, intcraatlcaij trade 

mining operations, lend 
red emotion, environmental 
assessment, offtho.rs drilling 

building design, construction 
scheduling, facility maintenance, 
highway construction 

plant site selection, pollution 
control, worker amE material access 
to plants 

road catting end Bonding, roil 
operations, chip routing, runway 
design, airline echcdutinj 

telephone hne repairs, emergency 
planning, microwave transmission 

load mancgement r Eose‘'ve planning, 
air quality management, 
conservation, rearer system design 
and operation, water resources 
man age mast 

marketing of weather- related 
products, cor.eurr.cr mease to retail 
outlet!, food distribution 
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TA&U3 t.l (continued) 


9. Flntnca, Incur eace, cad reel ccteta crop/hdl, flood, flood, wind, and 

Ict/enow loading Iniuruico, 
mourca tmtimtnt 


10. Strvlcu 


11. Government 


legal substantiation, hospital 
opor&ttone, recreation and tourism 
planning 

military operations, emergency 
management, public facility 
planning, enow removal, employment 
opportunity assessment, eclentlfle 
research 


tho many data-rclatcd services offered by both private and public 
cector groups. Nor are their specific needs cad problems well 
defiacd or commoaly recognized by tho data community. Thi3 
means that tho climato products cad ssrvicca available for corns 
cad uses iil:o plant cito celccticn may not be cs (sophisticated 
as theca availabla for other cad urea like irrigation scheduling, 
aviation, and air quality modeling. Tho technical capabilities and 
financial resources of end users themselves tdeo vary considerably, 
v/hich influences not only the immediate opportunities open to 
individual end users but also tho long-term opportunities for using 
climate data open to tho economic sector as a whole. 

It is thus instructive to examine in detail several areas in 
which tho uco cf climato data is v/cll established and still expand- 
ing. Theca essentially provide reference points against which the 
development of climato data applications in ether crons can be 
compared. 

2.2.1 Agriculture 

Agriculture's success depends in largo msesuro on its ability to 
cope with climate. This has been achieved through breeding new 
varieties, land selection and conservation practices, and improved 
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understanding cf m tricot variations os induced by climato. All of 
these requiro weather end climate data. Without rapid end ready 
accccs to climato data and information, agricultural productivity 
would bo reduced, tho U.S. competitive position ca world markets 
would bo jeopardised, and its ability to monitor crop developments 
and to plan for food emergencies would bo ccrioucly impaired. 

Agriculture hen traditionally made extensive uss of weather 
and climato information. In tho eighteenth and nineteenth cen- 
turies, thoro v/o3 great interest in tho climatic suitability of lend 
for settlement, Tho development of improved technologies for food 
production, processing, and transportation has led to tho more 
precise tuning of agricultural production to climate and markets. 
Recently, attention hen focused on understanding production in 
its global context and on regional droughts and their implications 
for human welfare. Tho need to monitor such events was inode 
dramatically clear following the 1072 drought in tho Soviet Union 
that led to a trebling of grain prices in ths U.S. and world mar- 
kets. Tho major droughts of 1072-1973, the economic effects cf 
frost on tho Brasilian ccOeo crops, end tho poor harvest weather 
for European sugar bests in 1075 further disrupted international 
food trads in tho early 1070s. This instability has caused policy 
analysts, economists, commodity traders, and others to darner for 
access to dimato data. 

Crop yields aro largely tho product of coils end tho weather 
over a notson. Monitoring dimato end interpreting it in terms of 
crop response using crop/climatc relationships provide valuable in- 
formation on national and world agriculture. Monitoring cystoma 
thu; advise on tho onsst or failure of monsoons have a poten- 
tially mojor rolo in assisting farmers in developing countries. Such 
monitoring has been undertaken by federal agencies and private 
concerns interested in international food production. For example, 
USDA operates a worldwide monitoring facility jointly with tho 
NWS. This facility provides information on tho world food situa- 
tion to the Secretary of Agriculture and to other national planners 
and policy makers concerned with markets, assistance, and dress 
produced by food shortages. 

Monitoring systems exploit historical climatic data to deter- 
mine plant rcsponca relationships and to compare tho severity of 
events. Indices based on climato data, cuch as tho Palmer Drought 
Index and tho Soil Mcisturo Index, aro used to cesccs the areal 
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extent end intensity of hoserdous ovonto. Satellite-derived infor- 
mation on cloud cover, temperature, enow cover, and precipitation 
provides valuable additional information, particularly v/hcro con- 
ventional data ere cp&rce. For example, the sustained lack of 
cloud is a good indicator of potential drought. Infrared radiation 
estimates of ground temperatures supplemented with actual sur- 
face measurements con be used to assecs crop conditions. All cf 
these monitoring methods rely on both conventional and new data 
sources. 

Many other aspects of agriculture benefit from the use cf 
weather and climate data. These include irrigation, crop selec- 
tion end production, planting, pollination and harvesting, erosion 
control, pest end disease control, and livestock and pasture man- 
agement (o.g., c®e Climate Board, 1982). For example, the control 
of pests and dkeaco is achieved most effectively by knowing thsir 
response to climatic parameters end acting when they ere most 
vulnerable. Special ctats end regional networks are being estab- 
lished to improve such understanding and to provide climato-baaed 
advisories upgraded to tho latcet weather conditions. As farming 
increases in sophistication, formers will want much more high- 
quality climatic data, with increasing detail and more parameters 
and in both real and near-real time. 

In largo measure, increasing demand for data stems from, tea 
increasing availability and capability of computers. Continuing 
advances, such as the introduction of parallel processing, will fur- 
ther increase the potential cf computers in agriculture. Computers 
make possible the evaluation of management alternatives given dif- ' 
ferent climatic conditions. They facilitate crop conation studies 
and permit prediction cf tho effect cf altered climates on produc- 
tion. They are being used increasingly by farmers. For example, 
the University of Nebraska Automated Weather Data Network is 
linked to AGNET, on interstate netv/ork that mokes weather data 
and tho university computer hardware and software available to 
irrigators who own a personal computer. The cost-benefit ratio for 
on automatic station based on this activity is estimated at 1:250 
(Rosenberg ct al., 1083). Such nonfcdcral observing systems am 
make important contributions to tho national data system. 
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2.2.2 Energy 

The onergy metor rcquirca climato data for both demand and cup- 
ply planning and for operations. Climate is o major determinant 
of demand cinco energy b used to oEist cold, boat, wind, excessive 
precipitation, enow, iso, and other climate-related hazards. De- 
fending against end exploiting the variable nature of climate are 
major activities in tho design of energy cystoma as well as in their 
efficient uca. On the supply aids, climate data ore used in energy 
exploration, transportation, ctcrcgo, transmission, and dbtribu- 
tion (o.g., Climate Board, 1982; McICcy and Allsopp, 1980). Many 
environmental problems such as acid rain and the atmospheric 
transport of toxics are closely associated with energy activities, 
and many of these require climate data for their assessment and 
mitigation. 

About one-third of the energy used in North America is uned 
to counter adverse climate. Tho moro rignificant demands relate 
to space heating, water heating, air conditioning, refrigeration, 
transportation, and agricultural uec 3 (o.g., irrigation end crop- 
drying). Tho main method cf reducing these ccsto is to improve 
technological design utilising climata data. For example, with 
tho rapid increase ia tho costs of energy, construction ccdc3 have 
begun to emphasise energy efficiency in addition to other require- 
ments for physical safety end shelter from v/ind, cold, heat, and 
rain. Generating tho climatological data and statistics needed for 
energy conservation and for the exploitation of renewable energy 
alternatives has been a major activity ever the past decade. Tho 
required information is usually cits- end time-specific co that tho 
task b a continuing one. Similarly, for operational activities such 
as irrigation, the need for data, both recent and current, b contin- 
uing. 

The use of energy for heating and cooling is easily estimated 
from climato records. This b done routinely by NCOC for states 
and regions of tho United States using population-weighted data. 
Up-to-date data arc required by energy controllers and suppliers to 
plan against undesirable shortages or surpluses. Such information 
has been particularly valuable during recent energy shortages. 
For example, during tho cold winter of 1976-1977, temperatures 
dropped up to 6'C below normal across on area centered on the 
Ohio Volloy. Thb caused heating costa to rice some 50 percent and 
had a cevero impact on local supplies, co that emergency action w»3 
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required. Tha resulting cezi increases aad divercioa of purchasing 
power for tha centre! end eastern United Statu wero estimated 
to bo at loesi £2 to £5 billion (The Bucincca Week, February 14, 
1977). Events of this kind hove spurred routine neseesments of 
tho imp-eta of climato anomalies on ecdsty using climate and 
climate-related data. 

Climato data era required to ceases moat renewable rceourco 
supplies and their variability. Statistica on temperaturo, wind 
speed and direction, color radiation, cloudiness, and other atmo- 
spheric characteristics nro typically uccd in designing integrated 
tolar and wind energy systems end equipment. Similar data, in- 
cluding precipitation and runoff measurements, ere necessary for 
hydropower planning cad management. A mqjor concern in all 
such cyctcms is tho reliability of supply. Climato variability must 
therefore bo considered in dcrignin? reliable storage and/or backup 
systems. 

Tho cscrch for new energy cources and chipping routes haa led 
to increased demand for climato data in offehoro and coastal areas. 
Such data are used in equipment design, facility planning, route 
selection, and environmental assessment. For example, Murphy et 
ol. (1977) suggest that a 3 percent cavings in fuel ia possible by 
using meteorological information in ocean route selections. Fre- 
quently, information is needed to tolva rather unique problems 
that may require now technology, o.g., defending against freezing 
cea spray and low-temperaiuro-indueed brittleness of metric in 
polar regions. 

Other demands for climato information range from tho citing 
and operation of thermal or nuclocx plants to managing seasonal 
changes in additives to gasoline. Climate and weather data are 
used to improve operational efficiency in the selection and use of 
fuels end tho assessment of transportation hazards euch as enow, 
ice, and winds. Designers and managers increasingly recognise the 
need to account for natural hazards such ca Hoods and tornadoes 
in the cafe design cf largo public and commercial energy facilities. 
Air quality concerns must be addressed along with strategics for 
achieving economic operation such as in selecting tho optimum 
mix of fuels consistent with atmospheric conditions. With tho 
increasing length and complexity of cnorgy distribution systems, 
tha frequencies cf lij/ntmug strikes end excessive wind loading of 
transmission linva oiul support structures aro escalating. Climatic 
records often provide an important indicator of tho magnitude 
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end distribution of there haserds. New types of monitoring sys- 
tems, c.g., for lightning ctrikcs, are deo being used. Other climatic 
considerations include tho evaporation of cooling water, tho forma- 
tion of fog downwind cf cooling ponds, and tho creation cf thermal 
plumes by tho discharge of cooling water. 

2.2.3 Water Resources 

Water is vital to all forma of life and to meet human endeavors. 
Major water uses include household consumption, agricultural irri- 
gation, energy generation, transportation, manufacturing, mining, 
recreation, end caaitation. In many it' not meet areas, cupplies of 
fresh water are limited relative to rapidly growing demand and 
are highly variable in both quantity and quality. This haa led to 
more careful development cf and control over water resources and 
increasing integration of water management across watersheds and 
largo population regions. Principal management objectives remain 
the stabilisation end augmentation of water supplies, reduction of 
flood end drought damage, and maintenance and enhancement cf 
water quality. 

Tho atmosphere is tho primary courco of fresh water and, 
through evaporation, tho main consumer. Climate data and in- 
formation era thus critical to the management of water resources. 
Climate data are uesd in designing storage, drainage, and irriga- 
tion systems; estimating water yields, caowmclt rates, and cooling 
water requirements; end projecting water demand, Idea levels, and 
flood potentials. Other frequent uses pertain to coil end coastal 
erosion; tcicho and ctorm curge; and river, lairs, and co a ice for- 
mation and melting. In many instances, ns with major reservoirs 
and water distribution cystoma, substantial amounts of capital are 
involved. For example, tho construction costs for a proposed di- 
version of 10, COO cubic feet per second from Lairs Superior to the 
Ogallala area have been estimated at C19.0 billion (Ds Cocke ct 
al., 1034). Failure to consider climatic factors at the delivery and 
source areas could lead to very expensive errors. 

Although precipitation is usually a dominant concern, data 
on a variety of related parameters are frequently required. This 
is particularly true v/hen sophisticated computer-based modeling 
techniques ore employed, e.g., in flood forecasting and reservoir 
management. Current and historical data on tho diurnal regimes 
of wind, colar radiation, humidity, air and coil temperature, coil 



moisture, and enow caver ora typical inputs. Data on coil type, 
slopes, precipitation intensity, and cloudiness may aba be used. 
Adequate monitoring, comprehensive data bases, and effective 
data management cyctems ere therefore crucial. 

Other data needs relate to climatic variability and change. For 
example, urban development may significantly affect downwind 
precipitation, including thunderstorm frequencies. This may make 
existing driver cad drainage cystoma obsolete. Since most euch 
systems have lifespans of CO years or more, consistent and detailed 
data on post, present, end future hydroclimatic conditions are 
likely to be important. 

Mitigating drought is a major concern. The mest drought- 
prone areas arc the cemiarid lends ouch as the U.S. Great Plains. 
In 1077, these lands accounted for almost one-fifth of the nation’s 
agricultural output. 

Drought has implications on local to global cedes, affecting 
food supplies and social stability so well as being a major cause 
of famine and coil degradation. The impacts of regional drought 
within the United States were massive in 1876 and again in 1080. 
Its occurrence clsewhsra in the world usually involves the United 
States in emergency cad long-term development aid. Long-term 
aid frequently includes introduction of drought-resistant crops, 
water development, end water conservation measures, ell of which 
can benefit rigmficently from tho use of climate data. 

Drought may also exacerbate other problems. For example, 
it tends to incrcoca pollution concentrations in rivers and Idles 
because dilution decreases. Water quality managers therefore need 
data on the likelihood, coverity, and duration of drought episodes 
to ensure that water supplies meet water quality standards. 

2.2.4 Climate Systems Research 

The climatological research community is itself a major end user 
of climate-related data. Such data are an intrinsic part of the 
research process. Systematic ctudy of the processes governing the 
earth’s dimatc on local, regional, or global scales requires care- 
ful observation and data analysis. Theoretical models must be 
tested against observed “reality” represented by data. Complex 
computer models use large quantities of diverse data to simulate 
environmental conditions as realistically as possible. Studies of 
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the impacts of climatic variability and change often combine cli- 
mate data with data from other fields to esscss interrelationships 
between climatic phenomena and human activities and welfare. 

Many research needs for climate data can be satisfied by con- 
ventional data archives, but most require specially collected data. 
In many instances, the spatial and temporal ccales of the processes 
under study demand that large quantities of highly perishable con- 
ventional and remotely sensed data be collected from all parts of 
the globo. Even experiments on the microscale, c.g., studies of 
the boundary layer over a specific terrain, can generate enormous 
volumes of data. 

Over the past 20 years, major experiments on the meso- to 
global-scale have been undertaken to improve understanding of 
the climate system and improve climate prediction. The Global 
Atmospheric Research Program (GARP) organized a host of field 
experiments such as the First GARP Global Experiment (FGGE) 
in 1978-1979, the GARP Atlantic Tropical Experiment (GATE) in 
1974, and the Alpine Experiment (ALPEX) in 1983. Several ad- 
ditional field programs ouch es the Tropical Ocean/Global Atmo- 
sphere (TOGA) Program (I9S5-1994) and the World Ocean Circu- 
lation Experiment (WOCE) are now in progress or being planned 
for the next decade under the auspices of the World Climate Pro- 
gram (World Climate Research Programme, 1985). Other efforts 
may also be undertaken in the next decade os port cf initiatives 
such as the proposed International Geosphere-Biosphere Program 
(U.S. Committee for an International Geosphere-Biosphere Pro- 
gram, 198^' Mesoscale studies such as the Generation of Atlantic 
Lows Experiment (GALE) in 1983 and the proposed National 
STORM (Stormscale Operational and Research Meteorology) Pro- 
gram (University Corporation for Atmospheric Research, 1933) 
also involve huge data volumes. 

Efforts of this kind require Vast amounts of background data 
such as surface pressure, winds, and sea surface temperatures. 
Typically, the field phase of such measurement efforts utilizes 
satellites, chips, drifting buoys, radiosondes, and other platforms 
operated by many different cooperating nations. This necessitates 
the operation of one or more international data centers and affects 
most national data management activities. The capability to as- 
semble and evaluate and, if necessary, repair or adjust large sets 
of background data is also important. 
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In addition to intensive field programs, there is a continuing 
need for long period data eets to understand changes in the earth’s 
environmental system and to examino global changes in the atmo- 
sphere and ocean associated with certain events such as tho El 
Nino or atmospheric blocking. It can bo very deceptive if only one 
such e’ ?nfc is studied without comparing it to several others. Of 
prime importance are various “historical’’ data seta involving sur- 
face, marine, end upper-air measurements from around tho world 
(c.g., Climai Research Committee, 1983). However, since most 
instrumental measurements extend back only a century at most, 
a variety of proxy methods ore also used to obtain qualitative or 
quantitative estimates of conditions in the distant past. 

Data are also needed to cope with a number of pressing sci- 
entific problems pertaining to the long-range transport of air pol- 
lutants and climatic variability and possible changes (c.g., Board 
on Atmospheric Sciences and Climate, 1983, 1984). Since carbon 
dioxide, methane, and other trace gases can affect tho climate, it 
is necessary- to know how the atmospheric concentrations of these 
are changing and to isolato the sources and sink*., if one source 
for methane is rice paddies, data will be needed on the changing 
amount of land used for rice, the relation to irrigation practices, 
and the changing use of fertilizer. Although many detailed mea- 
surements ere needed to understand a process, many do not have 
to be carried out routinely in the future. 

Many data sets are heavily used once they become read- 
ily available. For example, Australia began twico-daily southern 
hemisphere analyses in 1972. These first b^ ame available at the 
National Center for Atmospheric Research (NCAR) in Boulder, 
Colorado, in 1977. From 1978 through 1984, there were 62 sep- 
arate requests from 48 users for tho grid data. There were an 
estimated additional 20 uses of it for on-line computing at NCAR. 

At NCDC, about 4 percent of the data requests come from uni- 
versities, or about 3200 requests during a year from this research- 
oriented community. Tho typical univers : ty subscribes to several 
NCDC publications. The state climatological offices also receive 
data requests from many university departments. For example, 
tho Colorado Climate Office has received requite from 25 differ- 
ent research departments. 

The availability of data for research has improved greatly in 
the last decade. However, research is still often constrained by 
data availability and coot. Many data sets are not available in 
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computer-compatible form. For those that are, the mo3t recent 
data muat often be coded coparately and merged with existing 
Elea. Very often inadequate documentation, incompatible formats, 
missing values, and other problems hamper data use. 

Data costs have generally decreased but may still become sub- 
stantial. For example, the current charge for a copy of a magnetic 
tape stored at NCDC is about $125, roughly 10 times the cost 
of the magnetic tape itself. Several magnetic topes are typically 
required to obtain data for multiple parameters and/or multiple 
stations. Selective extracts can be substantially more expensive. 
In general, however, costs of this magnitude can be incorporated 
into research grants. Larger data sets, o.g., from satellite instru- 
ments, entail much larger data expenditures, often on the order 
of $10,000 or moro. These typically require much more advance 
planning and come under much closer scrutiny by funding agen- 
cies. 


2.3 THE VALUE OF CLIMATE DATA 

As the previous sections illustrate, climate data can be extremely 
valuable in a wide variety of economic activities. Moreover, their 
value is constantly growing os data become more complete, more 
timely, and moro useful for an increasing range of activities. Un- 
fortunately, careful quantitative analyses cf the value of climate 
data are rare, and even qualitative assessments are available in 
only a few economic sectors. This has made it difficult to increase 
recognition of the utility of climate data in many sectors. It has 
also contributed to problems in justifying the relatively small in- 
vestments needed to augment or at least maintain key elements of 
the existing national system for climate data. 

In recent yearn, there has been an increasing effort to mon- 
itor the impacts of weather and climate events on the national 
economy. For example, the Center for Environmental Assessment 
Services (CEAS) of NOAA has estimated that the severe winter of 
1932 led to direct losses on the order of $3 billion in a three-month 
period. Production losses, property damage, increased energy and 
transportation coots, and agricultural losses each amounted to 
some SI to $2 billion (CEAS, 19S2). Thompson (1977) indicates 
that defensible weather losses amount to about two-fifths of the 
total. This gives some indication of the magnitude of the poten- 
tial value of climate data in each sector and to the nation as a 



?5 


wholes. However, estimates of this kind are otill very crude 
and subject to important methodological deficiencies. The latter 
include possible double counting of certain types of losses, omission 
of indirect effects and opportunity costa, end inadequate quality 
control of data cources. Recent efforts la the United States and 
abroad to improve impact assessment techniques chow consider* 
able promise (e.g., Kates et al., 1935; Parry ot oh, 1980; Easterling 
and R! bsamo, 1836; and Borisenkov, 1935), but much further 
v/ork remains to be done. 

Another problem has been that record keeping regarding the 
use and value of data have generally been poor. NCDC, for ox* 
ample, classifies user requests in terms of the end user rather than 
the end use. Tho result is that it is known that many individuals, 
lawyers, and business managers uss NCDC data, but not what 
they use it for and how they use it. Moreover, there are impor- 
tant eectora of tho economy in which end uses tend to bo irregular 
and end users aro widely scattered or obtain weather and climate 
information through indirect chcnncls. This is often the case in 
the mining, construction, and wholesale and retail trade esetors. 
Unfortunately, tho net effect b that these cectors tend to draw less 
attention and fewer resources in tho national data system than is 
warranted. 

It in also important to recognise that the value of climate data 
extends beyond tha economic benefits of increased efficiency or 
reduced economic losses. Significant health, [safety, and general 
v/elfare benefits may also accrue. Although it may be possible 
to assign rough economic values to such benefits, c.g., through 
“willingnem-to-pay" estimates of tho valua of public goods, they 
should still ba considered in their own right. These noneconomic 
benefits may be classified cn “physiological ,* “psychological,* and 
“cociological. 0 

The physiological value of climato data pertains to the physical 
health, safety, and comfort of people. Land uce planners and 
architects draw on knowledge of historical climatic conditions in 
providing shelter from tho olemento, healthful living and working 
environments (o.g., vis-a-vis air and water quality and aesthetics), 
and comfortable and convenient facilities. Engineers explicitly or 
implicitly utilizo climate data in designing bridges, dams, roads, 
and other facilities for eafo operation. Real-time and predictive 
climate information may elao be used to ensure that health, safety, 
and comfort are maintained. 
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The psychological value of climate data lies ia benefits to men- 
tal health erhing from improved information end dcdgL. Exam- 
plea of cuch benefits are bettor mental preparedness and reduced 
mental e trees during ad verse climatic episodes and inert seed en- 
joyment of ona'o surroundings in both tha everyday environment 
and recreational settings. For inctanco, information on weather 
and climate conditions around the world may elhvtato on individ- 
ual’s worrim about family or friends or make hb or her vacation 
more enjoy abb because of poor conditionn at homo. (Of coutsa, 
the opposite situation b dco bound to occur.) 

The cociolc 3 ical value of climate data relates to the resolution 
of social and political decisions faced by individuals* communities, 
or society as a whole. For example, information about the climate 
of npccific regions may be an important factor in migration de- 
cisions. Climate data may aid in appropriate planning for parks 
and greonbelta in urban arena. The development of dternative 
responses to ocquifor depiction or desertification based on climatic 
data may provide the means to preserve traditional lifestyles or 
other culture! preferences. 

Both tho economic and noneconomic benefits of clim&io data 
discussed above require much further exploration. An important 
task will bo to assess syctomaticdiy those benefits far all rectors of 
tha economy. Thb should bo dona using a comprehensive, clearly 
defined, and widely recognised classification schema such as tho 
Standard Industrial Classification System (Ofiica cf Management 
and Budget, 1972; Ofiica of Federal Statistied Policy and Stan- 
dards, 1977). Tho results will need to be translated into a form 
understandable to tho public end to relevant economic and so- 
cial decision makers throughout tho nation. Tha climatological 
and meteorological communities, with tho rapport cf appropriate 
funding agencies, should take tho bad in carrying out thb critical 
task. 

Even without such a comprehensive study, tho fragmentary 
examples discussed above indicate that tha benefits of climate 
data are largo and diverse. Abo, they aro almost certainly growing, 
given tho many ongoing technological and social changes that are 
affecting the utilisation of climate data and demonstrated by the 
rapidly growing volume of requests for climate data. It b the 
panel’s view that clear understanding of the increasing value of 
climate data throughout the nation’s economy should drive decision 
making regarding investments in and management of the national 
system for climate-related data. 
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New Technological Promises 


A great variety cf now dota-rclated technologies have been in- 
troduced in recent years, and oven moro are under development. 
Theca technologies prombs tremendous improvements throughout 
the national data system, from data collection all tha way to data 
disr’cniia&tioa and uso. While it is certainly beyond tho ccopo of 
this report to identify ell new technologic end csccsj their advan- 
tages cad disadvantages, it is useful to highlight earns innovations, 
both recent end imminent, end briefly to diocurs their potential 
implications for tho national climato data system. 

3.1 OBSERVING SYSTEMS 

New technology hsa wrought dramatic improvements in weather 
cad chmato observation, data communication, and data processing 
in the pest two decades, and even conservative forecasts anticipate 
moro improvement in the near future. In particular, our capabil- 
ity to gather data, especially at remote rites, and to communicate 
these data to a processing center in a time frame useful for opera- 
tions is expanding greatly. This is making more data available on 
a real-time basis (i.e., within minutes or hours of observations) for 
weather monitoring and forecasting. It is also rapidly increasing 
the quantity of data and information available on a near-real-time 
basis (i.o., within days or weeko) for a vmioty of applications. 
These developments have important implications for the climate 
data management system and promise great benefits in a wide 
variety of applications. 
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The moat observable impact of technology on weather and 
climate data b the rapid growth in data volume. Thb growth b 
primarily due to new observing cystoma, especially remote censing 
systems such ea Doppler radar end catcllito-baosd instruments. 
However, an important contribution to data volume b oiso the 
“processing® of data as part of tho collection phase. For examph, 
many new systems requiro largo quantities of ancillary data (a.g., 
information on satellite positioning and instrument orientation) 
and sophisticated, doto-intensive analysts of actual instrument 
“readouts.® Thb aspect of data generation b likely to in create in 
importance in tho future. 

It b useful to look briefly at several categories of weather 
and climate observing systems, the recent impact of technology on 
them, and come implications for the future. 

3.1.1 Conventional Data 

The impact of technology on conventional data collection hea ccn* 
tered mainly on tho collection of routine observations from hereto- 
fore data-epsr&a areas. Unmanned observing stations can cow 
operate at remeto cites, usually with color power, cn-sits digiti- 
sation of the data, and comstimca even limited processing and 
housekeeping using a built-in microprocessor. Many cictions of 
thb kind have the ability to transmit data to a central facility 
either “on command* or on a regular cchcdule by tslspboao or 
radio transmitter. Others con atora data for long periods for oc- 
casional retrieval. 

Notably, the growth in volumo of conventional data duo to 
technology has not been largo in comparison with other types of 
observing systems. Tho future appears to favor steady evolution 
of conventional data collection via federal networks. A poten- 
tially significant development in conventional data collection b 
tho growth of ntate and regional networks that uso automated 
stations and telecommunication systems to obtain data in real 
time. Tho expectation is that these networks will servo specialised 
needs and thus havo a complementary rather than competitive 
relationship with conventional federal data. 

3.1.2 Satellite Data 

Satellites have opened up new opportunities for collecting weather 
and climate data in tho past 25 years — and new vbta3 in data 
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volumes. One GOES eatcUita Generates coma 20 gigabytes (i.o., 
20 x 10 s bytes) cf data per day, more than 1000 times tho 10 
megabytes per day for the total of all conventional meteorological 
data collected in tho Gcld-of-viow of that seme GOES catellita. 
Other catellita cyctems, cuch ca TiROS-N, N-ROSS, METEOSAT, 
and GMS cho concrete largo quantities of data, making tho total 
vclumo of catcllito data oven mcra overwhelming. 

But volume does net necessarily reflect csieatiflc dgnificonco. 
i Satellite msssurcmcate era remote msacurcmonte, usually cf elco- 
i trcmagnctic radiation in selected pertioaa of tho electromagnetic 

[ spectrum. Much calibration, processing, and verification are 

, needed to relate these measurements to conventional in-citu mea* 
i Guremente end to make them “meaningful* to tho General user, 
j Careful analysis and judicious selection of data era required. 

| Cno immediate problem is therefore what and how much satel- 
lite weather and climate data to collect and archive to preserve a 
| dimatclogicsily dgaiGeant record for analysis, 
j Tho volume of satellite data v/ill certainly continuo to incroaco, 

perhaps at an incrcrsinjj pace. Technology is opening new areas 
| of tho electromagnetic epcctrum, such as the micro wava region, 
to remoto condos exploitation. Furthermore, present- day satel- 
lite censing techniques aro “passive," i.o., they rely on naturally 
emitted radiation. New catellita systems ouch as the Navy Remoto 
Ocean Soncins System (N-ROSS) tro opening tho door to a whole 
new era of “activo" remote cencing, involving laser- end radar- 
based inctrumcnte v/ith even greater data volumes (o.g., Schnapf, 

less). 

3.1.3 Radar Data 

lb date, moat radar data are available only in the analog for- 
[ mat and are archived as radar images. Thus, they are difficult 
j to use in climatological analysts and of limited practical utility 

I in climate applications. However, recent developments in digital 

radar systems suggest that quantitative measures of rainfall may 
be possible, 

; In the next dee vie, NEXRAD will add huge volumes of digital 

data to our inventories. Basic decisions about archiving and use of 
l these data v/ill need to be made. As with any technology awaiting 
l introduction into the operational arena, we can expect significant 
advances in understanding and applying specialised radar data to 
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weather and climata problems (e.g., National Research Council, 
1835). 

3.1.4 Other Data 

This category encompasses atmospheric wind preSbra, laser-based 
oyctenu, pollution monitoring oyctenu, end ether cysteine net 
specifically mentioned above. Atmospheric wind profilers, which 
utilizo Doppler radars to measure atmospheric motion in the tro- 
posphere and etratesphero (Bobby and Gags, 1C32), are likely 
to move into the operational environment in the next few years, 
if tho current demonstration network proven successful. Ground- 
arid aircraft-based lidar cysteine havo recently boon used to inves- 
tigate tho transport and diffusion of pollutants and water vapor 
in tho troposphere (Utho ct al., 1G35; Mold and Whiteman, 1835). 
Systems of this kind not only provide now types cf data on at- 
mospheric parameters but also roach greater epatial cad temporal 
resolution than conventional instrumentation cuch os radiosondes. 
Future technological advances premiss more types of observing 
cystoma in tho future, many of them based on remote sensing 
methods. 

An area of technology that boa already contributed signifi- 
cantly to obsorving-system improvements is microprocessor tech- 
nology. lb date, improvements have largely been in data commu- 
nications (os discussed in tho next section) and in the versatility 
of the data collection oyetem. Many cystoma now provido for au- 
tomatic scaling, limit checking, modification of the data collection 
schema with changes in tho data, and so forth. In tho future, it 
should bo pocsiblo to convert data into information at the point 
of collection. This ie already being done to come extent in tho 
satellite field as on-board processing. However, much more could 
bo done. Thia is perhaps the most exciting area of improvement 
offered by technology. 

3.2 COMMUNICATIONS 

Communications has always been, and probably will elwoys be, 
the lifoblood of operational meteorology. There is probably no 
more eloquont demonstration of this fact than to cite tho NWS ’a 
origins in tho Army Signal Corps. Whilo tho came has not been 
true in tho past for climatologists, tho rapidly blurring distinction 
between weather and climate discussed in thia report is also rapidly 
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obviating tho climatologist's need to accomplish his or her mission 
with “old* data. 

Tho Banco technology that holds cuch promica for improving 
observing systems, namely tho microprocessor, cko holds great 
promico for communication systems. Thero has already been a 
great shift in communications from tho analog to tho digital do- 
main, especially cisco much data digitisation can new be per- 
formed at the collection cite. Digital communications in com- 
bination with powerful microprocessors create tho capability for 
essentially error-freo data transmission through error detection 
and correction techniques. Thus, data bases constructed on-line 
can now bo free of transmission errors, traditionally a major courts 
of error. 

New communication technologies also givo relatively cheap 
and fairly high-speed access to data bases. For cntmpb, modems 
now available for under 02,000 provide auto-dicl, autoanswer ca- 
pability with full error detection and correction at epeods up to 
10,000 bits per second over n switched network (did-up telephone 
links). Capabilities such as theca eliminate tho need for dedicated 
and expansive communication links. Real-time tee css to data, a 
essentially available to all those who need it. 

Another area of technological development in data commu- 
nications is in tho collection of data from remote or inaccessible 
arcss. This hes been mado possible through the improved capabil- 
ities and decreasing costs of transmitting and receiving equipment, 
microprocessors, color cells, satellite links, and go forth. Remote 
data collection platform* have become compact, reliable, long- 
lived, and inexpensive. Such platforms aro helping climatologists, 
meteorologists, hydrologists, oceanographers, and others fill major 
gap 3 in data coverage. 

Technological progress in data communications encompass ca 
software as well ca hardware improvements. This area is often 
neglected in planning for new systems, but is often the most critical 
to their success. In many instances, total software development 
costs may exceed hardware costs by an order of magnitude. In 
the communications area, coftwr.ro is crucial because it permits 
communication between different systems and between equipment 
manufactured by different vendors. At present, limitations in 
software are a major obstacle to largo-scale networking and error- 
freo communications. At a minimum, a range of communications 
standards and protocols will be required for different types of 
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communications. This imuo is new beginning to receive attention, | 
co that coma diaviation if not resolution of problems may bo 
expected in tho future. 

3.3 DATA PROCESSING 

Some of the meet startling technological advances have been made 
in tho area of data processing. In the past cavern! decodes, com- { 
putcr processing power as measured by tho number cf instructions j 
that can bo bandied per cocond has increased by corns four or- 
ders of maguitudo. Data handling and transfer rates fcavo also 
improved eigniScantly. At tho came timo, costs have dramatically 
decreased, eo that today's microcomputer priced at only a for/ 
thousand dollars p ceases is computational abilities comparable to 
those available from tho multi-million-dollaz machines of tho 18503. 

Still, prcccnt-day minicomputers and mainframes, as well as 
most existing “supercomputers," arc ceeentiolly cerial processors. 

Tho computer's central processing unit (CPU) obtains its instruc- 
tions and data from its memory step-by-step, pausing after each 
step or calculation to send the results back to memory. All cf this 
happens at what a human would consider blinding speed, but tho 
frequent delays os tho CPU waits for data to come end go ero long 
to a cystem that measures timo in billionths of a second. , 

The next generation of cuperfcst computers will probably bo \ 
available in the eexly 1080s. In thus nc w technology, already em- I 
ployed in coma applications, operations will occur in parallel rather j 

than serially. Many email processors will work on varied tasks j 
simultaneously, constantly communicating with each other. This 
should lead to enhanced supercomputer; capability at a price from 
10 to 30 percent o. tho cost of current supercomputers. Concurrent 
processing architecture should alco find ita way into microcomput- 1 
era in the ISCOs, greatly increasing their computational power and 
ability to access largo data sets. 

Another area of promise is in more cEciant systems for data 
handling. This involves improved software, more integrated op- 
erating oyctema, more user-friendly software, greatly improved 
data base management systems, and possibly specialized data 
base computers. Telecommunication and local area networks are 
also improving, allowing easier access to data seta from remote 
locations and rapid transmission of largo amounts of data. All of 
these arc now in differing stages of development. 
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Data coftwaro end cyctcms will bo further enhanced through 
tho use cf intelligent eyctoma and artifieied intelligence (AI) tech- 
niques. These techniques attempt to put moro deebion-making 
capability into computer coftvmro end hardware in order to reduce 
the burden that human esparto meat new bear. The greatest near- 
term potential will probably bs in tho area of automatic, real-time 
data quality control. Combined with now data management meth- 
ods, AI techniques should provide a potent mesne for enhancing 
data quality while reducing data handling costs. However, ouch 
techniques performed in real time should never replace careful 
checking end repair of data cots for quality end completeness in 
delayed time. 

Almost ell of these technological advances are pushing down 
the unit costs of processing data. Planning for tho next generation 
or two cf cystcnu chould consider these falling costs. 

3.4 DATA ARCHIVING 

Several different types of media are currently being used to archive 
data. Theca include paper records, microScko, magnetic tapa, and 
magnetic dish. Tho problems cf paper ere obvious: volume, cost, 
vulnerability, end so on. MicrcSehs is proliferating end is easier to 
us*, but 0113 must create, store, retrieve, and access it. Its primary 
disadvantages are that it b set computer compatible, and it is 
often hard to read. 

Magnetic tapes are the basis archival methodology for digital 
data today, but they present an ever-increasing problem. Tho 
data densities end storage capacity they can provide are becoming 
increasingly limited relative to the tremendous quantities of data 
generated by satellites and other instruments. They oro difficult to 
handle and store and require careful environmental control. Each 
time a tape is used it must bo picked up from its storage bin, 
moved to a computer, loaded, accessed, unloaded, and put back. 
Processing very large data sets often requires that data be pulled 
off a variety of tapes. This is inconvenient end costly. Also, tapes 
lose data in time if they aro not periodically rewritten. 

Finally, tho magnetic dick is beginning to approach ito physical,' 
limit in data storago capacity although higher capacity equipment 
continues to be developed. It will certainly continue as a l:<?y 
method for staging and processing data in a dynamic mode, but 
it is not the right medium for archiving data. 
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Several emerging technologies offer improved archiving ca- 
pabilities ci lower costa. Now high-capacity magnetic disks are 
beginning to coma oa ths market. Unfortunately thess are still 
not adequate for moot archival purposes. Also avoilablo cro small, 
high-capacity tape cartridges. These aro on improvement on the 
current tapo situation but still present difficulties in finding end 
accessing sequential data. 

Tho mars etorego system that appears to held tho most 
promise in tho long term, particularly for climate and weather 
data, b based on laser “optical disk” technology. In this system, 
a laser beam driven by digital input essentially bums a holo or 
raises a bump on tho surface of a dish. Tho presence or absenco 
of a holo cr bump can bo read by a low-powered laser beam as 
a binary bit. The data can bo written only cnco but read many 
times. This superficially simple concept offers a u-ita density 10 
times that of current magnetic disk technology. It is eventually 
expected to yield densities ICO times that of magnetic disks. 

Optical disks coma in a variety of rises. A (3-1/4- in eh disk 
available today stores ICO to EGO megabytes of data. A 12-inch 
disk may held 1' gigabyte (1C00 megabytes) of data per eido or a 
total of 2 gigabytes of data. Future 14-inch disks aro expected to 
hold up to 4 gigabytes of data per ride or 8 gigabytes of data per 
disk. 

Optical disks and disk drives are now avoilablo for ringlo- 
unit drives for both mainfrems and microcomputers. There costs 
/ aro dropping rapidly. A drive is now available for under Si, 000 
wholesale that con fit into a standard microcomputer disk drivo 
slot. 

Optical disks have also been collected in a “juke-hesMiko 
unit in which 84 to ISO of these platters can bo kept: rn-lino. 
One unit now available can keep come 100 disks on-line* & total 
of 200 gigabytes of data. Another that b under development 
(probably available in 1987) will provide approximately' 100, 14- 
inch disks on-lino for a total of 1.2 torabytes (1200 gigabytes) 
of data. More of these devices will likely be available, in the 
near future. I Today, a 200-gigabyte juke box can be pun chased 
for $95,000, to $125,000. Compared with previous cystoma, these 
systems provide an extremely low per character coet — on Ska level 
of tho cosfc'of paper storage. They also promico substantial: savings 
in archiving tho massive volumes of data generated by satellites. It 
should be noted, however, that present optical disk costs are still 

/ 




35 


higher than these for coma magnetic media, and that tha costs of 
most media ccro likely to drop cignificanfcly in tho future. 

A major advantage of optical dish storage b tha degree of data 
pcrmcaenco that it provideo. Current cscimatca are that data on 
on optical dick can bo guaranteed for 10 yearn, and much longer 
lifetimes era possible. Tho environmental control needed for this 
ctoxngo medium b minimal. Tho dick curfcco b protected by a 
plastic coating, co that disks may bo CvCilTCxl in a cabinet without 
cpcetal racial or constant timpcra^uro end humidity. Research b 
ongoing to develop erasable optical disks, that b, dirks on v/hich 
data can bo written, erased, end then replaced. It b not char 
whether this will oven fco pocriblo or practical, no it b unlikely 
that cuch technology would bo available before tho early 18803. 

Happily, tho future user community for thb mesa storage 
method has already begun to plan for its utilization. A num- 
ber of committees liuvo been established to develop standards for 
hardware, software, end interfaces. Also, covers] cciantific and 
commercial organisations have begun to develop methodology for 
indexing, cataloging, and updating data on optical disks. 

Other archival technologies uro also emerging. For example, 
a standard 5-1/4-inch laser CD-ROM (compact dirk, read-only 
memory) dick can new be used to record E20 megabytes cf data. 
Wo will rk .0 tea an fa, crossing use of mierchira graphics, Gtored 
in digital farm, that c:ru bo called up from archival devices. Thb 
will permit moro reedy access to cither digital data or esaoebtsd 
graphics at low cost and high cpacds. 

3.5 DISSEMINATION 

Hbtorically, climate data wore communicated in published form. 
Processing, transcribing, and quality central of climate data were 
clow and tedious. Data files were email, and tho capacity to deal 
with largo volumes of data in real tima did not exist. 

Climate data publications continuo to bo an indispensable 
tool for tho great majority cf end uc-era. Publications provide 
rapid and vcrcatilo access to a wide variety of data at low cost. 
They generally provide important supplementary information on 
data oourccs, data quality, and data use end help prevent repeti- 
tious extraction from source documents. Continued distribution 
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of key publications to individuals, businesses, libraries, and oth- 
ers is critical and can indeed greatly enhance the utility of data 
disseminated by other means. 

With the arrival of electronic media, user requirements have 
changed, end the volumes of data requested have grown rapidly. 
Computers arrived concurrently with and contributed to a “knowl- 
edge explosion” that has both created a greatly expanded dcr and 
for climate data and made their supply n access ry and possible. 
They not only facilitate publication but ales provido new oppor- 
tunities in tho storage, handling, and processing of climate data 
by the ucer. 

Civilian users currently obtain climate-related data from a 
variety of csrvice outlets. These include: 

1. National — NCDC, CAC, CEAS, and NCAIt. 

2. Regional — Regional climate centers serving the mutual 
interests of a group of states. 

3. States Climate cervices dedicated to ctate interests oper- 
ated by tho stato climatologist or state agencies. 

4. Local — NWS local offices, private companies, libraries, 
and co on. 

Tho current proliferation of microcomputers and personal 
computers in the horns and office combined with the ongoing 
modernisation of communication networks is rapidly increasing 
opportunities for direct on-line interaction with data. One exam- 
ple of this is “videotex," a generic term for interactive cervices in 
the home via computer or television Eft. Such cervices are likely 
to include access to certain climate and weather data, depending 
on demand. 

Another area of interest is the effort to incorporate “natural” 
or conversational language into the interface between users and 
data bsco systems. Thin would permit the lay person to access data 
and information without having to learn a great deal of computer 
jargon. Similarly, development is under way of a common “front 
end” for heterogeneous data bases. Since many data bases are not 
compatible with each other, a high-level data boss management 
system could bo used as a common entry point to divereo data 
sets. Essentially, cuch a system would provide access to a data sot 
regardless of its structure. 

The CD-ROM technologies will potentially permit dissemina- 
tion of largo quantities of data at extremely low coat. CD-ROM 
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disks are approximately 3-1/2 to 5-1/2 inches in diameter and can 
store as much as 352 to 500 million digital characters. The user 
cannot write on tbcco disks. Thoy do not need a great deal of 
care and can be utilised continuously. The cost per dusk should 
bo on tho order of CIO onco master copies have been produced. 
Disk readers, which interface with personal computers, may drop 
to Ico then 0200 each. 

Innovation is also occurring in the dissemination of weather 
warnings and other information via computer networks and elec- 
tronic mail. Many such networks have been developed by private 
sector groups who provide value-added information cervices. Com- 
petition in the marketplace has engendered numerous innovative 
graphical and textual products at rapidly decreasing costs per unit 
of information. These products are reaching an increasing number 
of users in a variety of economic tec tom. 

Many of these new dissemination channels tako advantage of 
improved methods for “packaging* information. For example, so- 
phisticated graphics packages have been developed for displaying 
weather and climate data in three dimensions, in multiple col- 
ors, and in combination with photographs, maps, or animation. 
Speech synthesizers arc already in common ues in telephone-bused 
applications. Many cf these capabilities have been transferred to 
microcomputers, co that users can themselves control data presen- 
tation to suit their own needs. 

3.0 UTILIZATION 

TVaditional users of climate data were concerned primarily with 
the historical perspective, i.e., using the historical record to predict 
levels of futuro risk or simply to delineate the nature of climate 
parameters that identify average resource potentials. Data in the 
form cf tables, diagrams, and maps were usually desired. Mean 
valuta, and perhaps maxima and minima, were the primary con- 
cern. 

Most end users still have these interests, but there have been 
major changes in demand particularly for research, resource and 
environmental management, and risk assessment. End users now 
expect more from their data and are becoming more sophisticated 
in their use. Although most requests ore still for hard copies cf 
data, a rapidly growing number of ucerr request data in electronic 
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form. Moro ucsra recognize the variability of dimato and there- 
fore desire data on frequencies, extremes, and other aspect of 
variability. Many utilize sophisticated models and algorithms to 
convert available data into usable information. Innovative uses in 
ncntraditional areas such as construction, recreation and tourism, 
transportation, and urban planning ora expanding data needs to 
new parameters, new locations, and unusual spatial and temporal 
scales. 

Demand is also "rowing for currant as well as comparative 
historic data for mo- locations and’ parameters. For example, 
tho North Central Rep;o.ud Climate Center supplements data re- 
ceived from NOAA’o * .J'OS oystem with data from state and other 
sources. The combined data set provides more preciro interpre- 
tation of tho climate at the county level, greatly assisting local 
industry and others. Activities of this type necessitate a change 
from the traditional sequencing of data processing and quality con- 
trol practices. They take advantage cf “fast* transfer functions, 
computer models, and “real-time" data processing capabilities. 
Ongoing technological developments in microcomputer hardware 
and software will almost certainly enhance these capabilities fur- 
ther and moke them even more economical. 

Decision makers are also increasing their use of computers 
and computer-based models. Their demands are usually for site- 
specific data, estimates of risk, and packaged information. They 
frequently require spatial and temporal detail that is not found in 
national archives but must be estimated by interpolation or ex- 
trapolation. Typical of these demands are those for construction, 
environmental assessment, and facility siting on land and offshore. 
Time scales range from short for operations to long for strategic 
planning. Public sector requirements often consider larger spa- 
tial scales. These requirements often depen 1 on the initiatives 
or concerns of government and the community at a specific time. 
Definition of this diverse need and development of the capacity 
to respond require consultation with the suppliers and users — 
government, research, and private — on a continuing beaus. 

One example of the innovative and highly successful use of 
climate data is the University of Nebraska’s Automated Weather 
Data Network. In early 1985, this network consisted of 43 stations 
that are automatically interrogated daily. Mott stations are in 
Nebraska with some in Kansas, South Dakota, end adjacent states. 
The system provides data to AGNET, a computer system that 
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provides farmers with information and applications relating to 
crop and Uvea tech production and marketing. The climate data 
were accessed more than 25,000 times in 1034 for uca in problems 
such ca irrigation scheduling and crop development assessment. 
This demonctratco tho utility of data systems tuned to end user 
requirements. Similar facilities could be used advantageously by 
other end users in a number of areas and sectors. 

3.7 SYSTEM ARCHITECTURE 

A critical but often overlooked area of technological progress is in 
designing advanced system architecture. Such architecture may 
encompass: 

1. Virtual elimination of manual data entry and transfer. 

2. Rapid assimilation of real-time data for use with historic 
and near-real-time data. 

3. Improved quality control in both real- and delayed-time 
mode. 

4. Better feedback between different data functions. 

5. Closer monitoring of facility usage and costs. 

6. Greater simplicity and consistency in user access and inter- 
face. 

7. Flexible data transfer and interchange with other systems. 

For example, it u now possible to conceive of a system where 
data are managed from collection to use entirely in digital form, 
thereby reducing time delays and transcription and transmission 
errors to a minimum. Experts and end users would have accers to 
the methods used at any particular stage of data processing. They 
could rapidly compare and combine current data with long-term 
climatic statistics or with data on the recent post. They could 
also easily transfer data and information between different users 
of the ayatom and to or from the system in any of a variety of 
formats end media. The end user or facility manager would know 
what costs were being incurred on a real-time basis. A simple, 
consistent user interface would reduce the investment necessary 
for a potential user to take advantage of the system. 

Elements of ouch integration are now emerging in present 
and planned systems. For instance, extremely fast, higb-vclume 
data transfers ore now possible between many computers using 
ground and satellite communication networks. Networking of 
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microcomputers and mainframes of different manufacture b in- 
creasingly commonplaco. Optical rennnera, inexpensive digitisers, 
touch-csnsitivo screens, and cpccch synthesizers end interpreters 
are among tho many now input-output devices now b. coming 
available. A recent innovation hen bean tho development of caR* 
ware “emulators" that eimulato tho operation of ono type of com* 
putcr on another. These permit greater “device indepcndenco" 
. for many applications and facilitate intercomputer compatibility. 
There havo oJeo been increasing calb for tho development of user 
interface standards that would increase tho consistency .of com- 
puter use across different applications. This would also have the 
potentially beneficial effect of providing guidance to hardware de- 
velopers regarding optimum hardware configurations to most user 
needs. Many of tho innovations havo been or aro being incorpo- 
rated into meteorological and climatological data systems cuch as 
NOAA’s Automation of Field Operations and Services (AFOS) 
System, its planned Advanced Interactive Procuring System for 
the IDCOs (AWIPS-20), and the UNIDATA program being imple- 
mented by the University Corporation for Atmospheric Research 
(UCAR). 





4 

Problems Stemming from Change 



Tha technological advancements described in tha previous ch&ptcr 
have tho potential to revolutionise meteorology and climatology. 
TVemsadoun volumes of data arc flooding in. Improved quality 
and timeliness of conventional data greatly increase their utility 
and versatility. Nee/ typc3 cf data arc opening up new areas cl 
application, now opportunities for economic and cociol benefit 
ranging from reduced lercra duo to climatic extremes to increased 
utilisation of the nation 'a valuable climatic resources. 

Tho critical tael: ahead vs ill be to manage tho btroductioa of 
these now technologies into tho existing data cystom in a manner 
that: 

1. Preserves tho basic integrity and continuity of tho data. 

2. Maintains and improves tha system's overall efficiency and 
effectiveness. 

3. Permits flexibility in and balanced ovolution of system 
components. 

4. Enhances tho system's accessibility and ctso-of-usa. 

Nono of tho above arc trivial concerns given tho limitations 
of the existing data system and tho magnitude and speed of tech- 
nological changes currently under way. For example, new data 
collection systems could easily overload existing communications 
and archival facilities if proper planning and coordination wero 
lacking. Subtle incompatibilities between systems could be vory 
expensive to remedy. Tkn rapid rates at which equipment and soft- 
ware often become obsoleto could have a severe impact on system 
maintenance, flexibility, and integration. The rapid introduction 
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of technologies increases the range of technologies — primitive to 
advanced — that must “coexist.” DifRculties at any point in the 
nyatem could seriously compromise data quality, completeness, 
and timeliness, and therefore the eventual utility and veluo of the 
data to users. 

These dangers ore symptomatic of three major problem areas 
identified by tho panel. First, the oxplcsivo growth in the quantity 
and divorcity of weather and climate data may bo straining the 
capabilities of tho present national data system, with potentially 
Gerious consequences for its overall effectiveness end integrity. Sec- 
ond, tho arbitrary separation between “weather” end “climato” ac- 
tivities within tho federal government appears to bo imposing an 
increasing handicap on the efficient management end use of data. 
Third, the lack of clear and consistent policies regarding federal 
roles and responsibilities in the operation and maintenance of the 
national weather and climato data system and in the provision 
of related cervices create an uncertain environment that hinders 
tho development of new data replications in both the public and 
private sectors. Thcss three problem execs era discussed in more 
detail in tho following sections. 

4.1 GROWTH IN DATA DIVERSITY AND VOLUME 

As described in tho previous chapter, new satellites, radars, and 
other observing systems are rapidly coming on-line and will un- 
doubtedly increase tho volume of climato data by on order of mag- 
nitude or more. New types of censors and new data processing 
techniques also increase tho divcrcity of climate data and tho vari- 
ety of supplementary data needed (e.g., regarding instrument type 
and operating procedures and conditions). Growing demands for 
real-time monitoring and assessment of climatic conditions com- 
bined with tho decreasing costs and increasing sophistication of 
automated observing stations ore leading to more frequent obser- 
vations of more parameters in more locations. 

Unfortunately, there appears to be a continuing gap between 
data “creation” and data “maintenance” technologies in many 
koy areas. That is, our ability to generate new data and derived 
information has tended to outstrip our ability to store and access 
data safely and efficiently. Whether new technologies such os the 
optical disk described in tho previous chapter can close this gap 
is uncertain. Careful planning is certainly necessary to prevent 





major data losses end ensure that adequate storage and excess 
facilities are available. 

Whore the inability to accommodate rapid growth is perhaps 
most carious, however, is in tk3 dissemination and use cf data. 
No matter liorw sophisticated the instrumentation and processing, 
data era of littlo value if potential end uccro are not aware of them 
or do not have the capability to deal with them. Even today, 
relatively four users kavo access to the large computers, special- 
ised equipment, end technical esportiss needed to download and 
l process largo quantities of cstcllite infermation. This processing 
| must bo taken into account in tko original planning for data sys- 
tems, if data are to bo mado available) at reasonable cost and in 
ueablo forms. Likewise, early consideration must bo given to data 
base management end dissemination cystoma to ensure fair and 
reasonable access to data. 

Indeed, tho diversity of data and data sources is now co great 
that UEoro cannot in general be expected to End the data they need 
on their own. This is cspcddly true for activities in which end 
users era highly disaggregated and have relatively littlo technical 
training, c.g., in agriculture or construction. Active assistance, 
ranging tea computerised data basco, catalogs, and directories 
to targeted outreach programs, is critical. 

A related difficulty b that personnel who understand the re- 
quirements of tho expending “information” environment and the 
associated new technologies and their application tiro ccarce. In 
general, management itself does not really understand tho prob- 
lem end how to address it. Moreover, tho iastitutiono, laboratories, 
and government agencies who deal with data and information in 
most cases do not have the ability to respond to any but the most 
basic queries nor the resources to acquire the latest data processing 
and archiving technologies. 

j Another serious aspect of the growth in data volume and di- 

versity ia tho potential for damage to the continuity and integrity 
j of existing observational networks. Despite the most careful ad- 
vanced planning, unexpected problems ouch as budgetary cut- 
backs, equipment failures, cost overruns, and personnel cuts force 
difficult tradeoffs between now and existing systems. Too often, it 
is tho less glamorous — but no less valuable — existing systems that 
nuifcr. For example, in recent years, tho Cooperative Observers 
Network, tha Solar Radiation Network, ind the Reference Clima- 
tological Station (RCS) Program have suffered from inadequate 
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attention and resources. (This issue is discussed in mnro detail in 
Section 8.5.) 

Thcro is of courea no panacea for problems caused by rapid 
growth. Noverthelocs, effective preventive and ameliorative actions 
are possible). Sensible planning, conscientious management, and 
firm leadership will be needed to find and implement such actions 
in a timely end cquitablo manner. 

4.2 SEPARATION OP WEATHER AND CLIMATE DATA 
MANAGEMENT 

Recent technological advances have highlighted tho growing prob- 
lems stemming from the separation between Sveather* end “cli- 
mate” data functions within tho federal government. This separa- 
tion was formalized when NOAA’o predecessor, tho Environmental 
Science and Services Administration (ESSA), was established in 
the mid*lQ30j. Responsibility for observational networks woo re- 
tained by ons line component, tho National Weather Service, while 
responsibility for “nonweather® data processing end archiving was 
given to another lino component, tho Environmental Data and 
Information Service (now a part of NESDIS). In recent yearn, 
the separation cf management has led to unbalanced allocations 
of resources between closely related functions, inefficient and in- 
adequate integration cf date activities, end, in corns instances, 
inflexibility in meeting important climatological objectives. 

Examples abound. In tho ICSGo, many climatological sta- 
tions were moved from urban locations to more rural airports to 
Gatisfy expending aviation needs. Little consideration wen given 
to long-term climatological requirements. In tho> 107Cb, tho fed- 
eral government ended federal support of tho Stata Climatologist 
Program. Only recently hava state-supported state climatologbta 
regained their former levels of activity as an important channel for 
data dissemination in a number of states. 

A more recent example illustrates the type cf problem that 
can occur with present admin btrativa arrangements. For many 
years, temperature measurements have been taken with a standard 
mercury or alcohol thermometer in a wooden shelter. Maintaining 
these thermometers and shelters ia becoming very eanennive. Now 
electronic censors embedded in moldcd-plactic housings ore now 
available that could be installed and maintained at a much lower 
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cost. Tho NWS Lea been developing end testing censors of this 
kind for a number cf years. 

The now censors ere wall suited to both weather cad climate 
needs. Weather needs cea bo mot with a censor that provides 
tho curront temperature end tho 24-hour maximum end minimum 
values. Most climate needs can also bo mot with theca observa- 
tions. However, tho ideal climate observation is for ell censors to 
report tbo maximum tad minimum values for tho eemo 24-hour 
period. At present, this is not tho care, beesure meet observers in 
tho coeperativo network ere unpaid volunteers who record obser- 
vations at a variety cf times throughout tho dey and night. Tho 
development of a new tensor afforded tho opportunity to move 
all observations to a common local time. It was only necessary 
to incorporate on inexpensive electronic clock into tho censor co 
that values could bo recorded at a standard tims for later reading 
1/ on observer. Unfortunately, this cimplo climatic requirement 
was not met in tho design of the sensors that ere now bong in- 
stalled. A unique opportunity to improve tho utility of climate 
data was missed, end the problem cf no&uniform observing times 
for temperature remains. 

Problems also exist in tho current arrangements fer data qual- 
ity control. A a noted in Chapter 2, data from synoptic stations 
and cooperative ebservera are cent in paper form to NCDC to be 
archived. At NCDC, tho data era thoroughly checked for errors 
using both machine algorithms and human examination. Likely 
errors are dogged, and a list cf there is typically cent — at a much 
later data — to tho NWS regional office responsible for tho obser- 
vations. 

Notably, there b no established coordination mechanism by 
which NCDC c&n ensure that sources of error ere identified and 
corrected. Management cf ths cooperative observers in a region b' 
typically only one cf several responsibilities held by a NWS em- 
ployee. Tho time and travel funds available for visiting cooperative 
sites and for checking on possible problems are usually very lim- 
ited. Many NWS offices find it difficult to maintain even their own 
observing stations in proper working order end in relatively undis- 
turbed surroundings. This b especially true for the many NWS 
offices located at airports, where expansion of both jet aircraft and 
automobile traffic over time can compromise measurements. 

Similar difficulties ore often encountered in research because 
of tho variety of data sources, incompleteness of many records, 







uncertainty as to tho nature end quality of data, and tho divor- 
city of parameters, measurement, and derivation procedures em- 
ployed. Gridded data cats produced as byproducts of operational 
numerical weather prediction, cr cpcciclly processed for research 
from more complete cats of basic observations, era particularly 
valuable in dimata eycient research end long-ranga forecasting. 
They require cpcciol wire in documentation end quality control. 
A particular problem fa that qudity control procedures used op- 
erationally can degrade tbo qudity of data for research and other 
purposes. Tho research community usually has littlo cay ia what 
quality procedures are employed dace they era an operations! 
matter. Tho data management cyctem must allow for appropriate 
consultation with tho research community cad other mejor end 
users in developing, implementing, and altering quality control 
procedures. 

Other problems relate to tho ond user’s access to data. In 
General, tho public does not understand tho distinction between 
wcathor and climsto data. Aftor ca unucual weather ovent o: 
during an extreme climatic episode, NWS offices ere typically 
flooded with requests for information about past occurrences and 
records. Such requests ecu toko up large amounts of forecasters’ 
valuable timo. Also, NWS personnel do not usually havo access to 
tho full range of climatic data that may bo relevant, nor do they 
necessarily havo appropriate climatological training vis-a-vis tho 
uco and value of climate data. 

Even ccphisticatcd oad users find tho existence of multiple 
contact point e- ia NOAA confusing end frustrating. For example, 
it may toko only a few moments of computer access to obtain 
up-to-date data from tho CAC but woehs or months to get com- 
parable historical data from tho NCDC. In fact, NCDC has only 
recently been ablo to excess tho AFOS System used in every NWS 
Weather Forecast Scrvica Office to manipulate data in real time 
for forecast purposes. Similarly, tho AFOS cyotcm b not designed 
and operated to accommodate tho diverse, high-vclumo, real-time 
interests of the academic community. Indeed, the costs associated 
with obtaining come data havo acted as a deterrent to rerearch. 
Recognizing this problem, UCAR has recently initiated a program 
called UNIDATA, designed to overcome this interface problem. 
UNIDATA has two objectives: (1) to enhance tho university com- 
munity’s ability to use new technologies end (2) to achieve sub- 
stantial savings through commonality of interface, facilities, and 
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facility operation. Efforts cuch es this must overcoms cubcteatial 
obstacles in designing a eyctcaa that b efficiently powerful end 
economical yet Genibb enough to accommodate a v/ide range of 
often heempaiibb inpu to. 

Such problems era particularly distressing in light of rapidly 
changing tee hnala^ka end end user needs. As noted previously, 
new comcmnbctiezs end data processing technologies have cro- 
ated many opportunities to improve quality control, data availabil- 
ity, end data eccsss in tho prerent notional dota system. Careful 
integration of cystcm architect uro end considerabb managerial 
Esrribility will certainly bo necessary to taka edvastnga of theca 
opportunities. Unfortunately, beesnes cf tiro present separation of 
weather end climate data management, cuch integration and flex- 
ibility will bo difficult to achieve. Strong actions by management 
may well bo necessary to remedy this basic problem. 

4.8 UNCERTAINTY IN FEDERAL ROLES AND RESPONSI- 
BILITIES 

Tho federal Government playa n central rob ia tha management of 
the national climate data eyetem Gnd in the provkion of related 
services. Other public end private sector groups depend greatly 
on tha vast resource end uniquo capabilities that it manages for 
the public good. 

Unfortunately, there ere several bay arete in which tho federal 
government bee felled to articulate dear and ccacutsnt policies 
regarding its roles and responsibilities. Tbeso eracs include: 

1. Tho rapport of basic federal data services. 

2. The provision cf specialised data cervices. 

3. Data accessibility end cost recovery. 

In ell of theca areas, overlapping federal agency missions and 
changing federal priorities have contributed to confusion and un- 
certainty. This has hampered the uce of climate data in both the 
public and private ccctcra throughout tho nation. 

In the area of basic federal data cervices, there appears to be 
little coordination end long-range planning to respond to changing 
technologies end needs. Currently, data era processed and stored 
in a variety cf forms end formats, in a number of locations, and by 
different groups. Compatibility is often limited. Although much 
progress has been made by KOAA and others in developing data 
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directories, thcro b still no comprehensive courco cf information 
•to to v/hat data era where and in what form. Data era obtained 
from a variety of courcca with littlo coordination. Questions of 
data quality often arise. The acquisition, implementation, and 
improvement of electronic communications eyctems end computer 
hardware and coftwaro eppear to occur in a piecemeal end poorly 
coordinated fashion. For example, NCDC lit disco computer equip- 
ment from many different manufacturers that have been worked 
into a Gystom with great effort end coot. This unplanned mixture 
b less efficient, more costly, end possibly line reliable than if it 
had been planned systematically. Moreover, thcro appears to be 
no carefully designed plan for improvement of tko situation. 

Tho provision of specialized data cervices is another csrious 
concern. Tho federal government may well bo juotiSed in pro- 
viding certain specialized cervices that cervo critical public safety, 
national defence, or ether public interests. However, it has often 
reserved tho option to begin now cervices cr end existing cervices in 
other areas such as agricultural warnings and climate forecasting 
v/hcro its responsibilities ore less wall defined. The key issue b net 
whether tho government ehould provide these cervices, but that 
tho initiation or termination of a service disrupts tho plans and 
activities of other public and private sector groups. Such disrup- 
tbn hes occurred with ths State Climatology Program, tho Solar 
Radiation Network, end frost warning cervices. Clearer definitions 
of long-term federal roles end responsibilities need to ba developed 
in collaboration with other public end private esc tor contributors 
to end end users cf tho national climato data system. 

Tho lest area of concern pertains to data accessibility and 
cost recovery. Tho value of climate data often depends to a largo 
degree on its rapid application immediately after identification of 
a problem. Rapid and certain accces at a fair price b therefore 
critical. Pricing b of particular concern given the extent to which 
public funds and volunteer observers are used in tho national data 
system. Moreover, data and information ara unusual commodities 
that may require special consideration. For example, gevernment- 
v/ido prepayment requirements woro recently instituted at NCDC 
despite its very low nonpayment rate. These requirements ap- 
pear to have increased the average customer service time signifi- 
cantly. Such unnecessary delays can severely reduco tho voluo of 
tho NCDC data and, among other things, lead to reduced NCDC 
uo&go and therefore lower leveb of cost recovery. 
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All of these problems maka th3 development of timely and 
effective csrvicca in both tho public end private ecctoro difficult 
at tost. Indeed, a major consequence may havo been to incrcaoa 
tho uneven development of climato data bases end other carvicca 
Ecrom tho nation. Thb is particularly evident ia c tales where 
irtato Governments hava tabsa strong leadership roles in defining 
ctato involvement in climnto data activities. V/hib innovation 
cad diversity ia elate end regional dim eta activities rxo clearly 
dceirefclo, largo extremes in development could increaea problems 
of iacompc-tibility, redundancy, cad inadequate quality control in 
data generation, dimemiactica, and use. Coordinated planning 
led by tho federal government end involving bed, ctato, end re- 
gional interests ia both tho public cad privato osotor is certainly 
necceeary. 


/ 

/ 
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Institutional Concerns and Opportunities 


The opportunities and problems identified in the previous two 
chapters pose a significant challenge to institutions currently in- 
volved in climate data management. These i^'titutioas have the 
responsibility to respond to rapidly evolving technology and chang- 
ing user needs with lcadorohip and sensible planning. Tbe latter 
will require careful review of institutional roles and responsibilities 
regarding such issues as state and private sector participation in 
the national data system, support of tho international data system, 
maintenance of key networks and data bases, end improvement of 
dissemination and end user cervices. Ib provide a storting point, 
a number of these institutional concerns aro discussed in detail in 
this chapter. 

b. . STATE AND FEDERAL ROLES 

Both state and federal governments reap direct and indirect ben- 
efits from tho use of climate data. Direct benefits accrue from 
improved efficiency and better planning in government operations 
and programs and from reduced losses of life and public propeity 
due to adverse climatic conditions. This is amply demonstrated 
by tbe extensive use of climate-related data by state and federal 
agencies involved in managing water supplies, public lands, roads, 
air quality, and other public resources. Likewise, indirect ben- 
efits originate with greater efficiency and reduced loccec in the 
private sector, leading to more employment, more tax revenues, 
and lower government compensation payments (c.g., for business 
losses, workmen's compensation, and unemployment insurance). 


SO 
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It b thuo clear that both federal and stato governments have 
important stakes in ensuring that climate data ore available and 
ore utilised within their jurisdictions. Where their concerns over- 
lap, as in water management, public safety, and disaster prepared- 
ness, coordinated activities in data collection, management, and 
dissemination are certainly necessary. Cooperation in other appli- 
cation areas is also clearly warranted in the interest of efficiency 
and responsiveness to user need 3 . Indeed, cooperative climate pro- 
grams were specifically mandated by the National Climate Policy 
Act and have been given high priority by advisory groups (e.g., 
Board on Atmospheric Science r and Climate, 1083; Climate Board, 
1932). Unfortunately, their implementation to date has been very 
limited. 

Specific state and federal roles and responsibilities for climate 
data havo developed over time and arc in many cases specified by 
legislation. It is important to clarify these roles to ensure rational 
development of climate data management throughout the nation. 
In the panel’s view, specific responsibilities include: 


Federal 


State 


• EaUblirhmcnt of minimum 

•ttndtrds for observations 

• Operation of basic national 

observational networks 
» Op 3 ration of a national data 
communications system 

• Maintenance of a national 

archive 

• Coordination 'vith states 

• Dissemination of data and 

information 


• Adherence to minimum 

standards for observations 

• Operation of additional networks 

as seeded at the state level 

• Use of the national data 

communications system 

• Maintenance of a state-level 

archive 

• Coordination with the federal 

government and adjacent states 

• Dissemination of data and 

information 


The federal government’s responsibilities are greater than 
those of states because of its national mandate. Indeed, state 
responsibilities are to a large degree optional, since they depend 
on a state’s sensitivity to climate and its willingness to cooperate. 

Clarification of these responsibilities in terms of specific com- 
mitments and activities b needed to assist other elements of the 
national data system in making decisions about their own levels 
of activity. For example, federal decisions about access to data in 
the national communications network and in the national archives 
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will affect the efficacy of regional climate centers that involve 
neighboring states. Tho degree to which the federal government 
provides tailored climatological information to specific industrial 
sectors will influence private sector decisions about capital invest- 
ment and activity levels. It must be emphasised hare that the 
key issue is not the specific responsibilities that state end federal 
governments do or do not assume; rather, it is the claar definition 
of state and federal roles in the national climate data system to 
enable other contributors to and users of the system to assess the 
opportu 'itieo and constraints that will exist in the future. 

5.2 REGIONAL CLIMATE CENTERS 

For several years, NCPO has encouraged and provided partial 
funding support for regional climate centers in the north central 
and northeast states. The rationale for these centers -i round iu 
the NCP Act, which identified “mechanisms for intergovernmental 
climate-related studies and services ..." as a program element 
(Section 5.d.4), and authorized the Secretary (of Commerce) “to 
make annual grants to any State or group of Statta [emphasis 
added) ... to conduct climate-related studies or provide climate- 
related err vices" (Section 6.a). 

The main recommendation in the report of the Climate Board 
(1982), Meeting the Challenge of Climate , was that NCPO “take 
a leadership role in the development of a coordinated, nationwide 
system of dimate services involving both the public and private 
sectors through collaboration with existing state and regional di- 
mate programs and by encouraging the further development of 
such programs," 

The National Climate Program Office’s approach has been in- 
novative. Instead of forming regional climate centers in the usual 
manner, i.e., os a federally initiated, planned, and funded asso- 
ciation with states, NCPO encouraged states to take the lead 
in initiating and planning regional centers and to share in total 
funding. This approach to forming a partnership with states to 
conduct regional climate studies and provide services has been 
handicapped by lack of strong federal funding but ho3 been ener- 
gized by state initiatives in, for example, identifying regional needs 
not previously met, and adopting new technology to collect and 
disseminate data in a timely and economical manner. 
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Tho regional centers approach, while a promising mechanism 
for applied climate studies and services, cuffcrs from uncertainties 
at both the federal end stale levels. At the federal lavel it remains 
to be determined how regional centers can help federal agencies 
carry out their responsibilities. At the elate level, problems range 
from operational matter* (where to locate tho center and decisions 
about committing resources out of etato) to different perceptions 
of tho need lor climate cervices. These problems notwithstand- 
ing, encouraging progress has been made in demonstrating the 
feasibility cf ouch centers in a nationwide oyetem. 

5.3 UTILIZATION OF THE PRIVATE SECTOR 

In the past coverel yearn, a new industry has developed in tho pri- 
vate meteorological Gector. Several firms have successfully entered 
the data and information cervices market by providing value-added 
weather and climate information to commercial and government 
clients by a number cf innovative communications technologies. 
The courccs cf the data are primarily the NMG’s “family of cer- 
vices,* the CAC*a user port (Finger ct a!., 1035), and the Global 
Telecommunications System (GTS) cf tho WMO. 

The private rector now participates in the woather/climate 
“network* in three major functional categories: data collection, 
value-added processing, and dissemination. 

5.S.1 Data Collection 

Although the vast majority of climate data are routinely collected 
as operational weather data by international governments or by tho 
cooperative climate observers, there are a number of data Lets with 
potential value an climate data that ore collected by the private 
sector. For example, power plants and industrial plants (e.g., 
smelters) often collect wind and stability data in response to tho 
Clean Air Act and lightning-strike data to protect against damage 
from electrical storms. Many offshore oil platforms have fairly 
long records of wind and weather in worldwide coastal regimes 
ranging from the South China Sea to the Arctic Circle. Maritime 
weather forecasting firms have collected many yearn of special 
reports from ships at eaa. Tho latter data aro often from relatively 
remote locations and usually do not find their way onto the WMO 
GTS circuits. Normally, the private Gector collects these data 
in direct response to an economic need and may consider the 



data proprietary. Nevertheless, these special limited data cots do 
represent a potential resource of new climate-related data. 1b 
make available this resource would require efforts to locate these 
data and resolve various policy and lesal questions. There are 
also cerious issues regarding data quality that would need to be 
resolved. 

5.3.2 Value-Added Processing 

Tho rola cf the private coctor is much more important in the 
value-added processing of climate-related data. As noted above! 
the private weather and climate information cervices industry con- 
tinues to grow. A primary stimulus has been competition in the 
market that hen forced the various vendors to listen to customer 
demand and to develop a wide assortment of value-added prod- 
ucts and cervices. Theca ore based primarily on standard NOAA 
products available via teletype, facsimile, and data link from NWS 
and NESDI3. 

The addition of economic value is tho result of additional qual- 
ity cheeks, reformatting of coded data into plain tout, generation 
of clever Graphics and maps (o.g., weather satellite images with 
radar overlays), summarisation cf data in convenient statistical 
forms, tho provision of combination products (e.g., weather data 
combined with crop estimates), and tho operation of specialised 
models (o.g., for air pollution and statistical forecasts). 

Most cuch products rdlc-ct customer demand for current 
“weather” products. However, private sector users and vendors 
now have the computer capabilities to generate specialised cli- 
matologies that meat their economic needs. Other climatological 
products ouch e_ those provided by NOAA’s CAC and NCDC ora 
also available to the private sector for further value-added process- 
ing and distribution to their clients. It is interesting to note that 
a growing number of users of private data cervices may be found 
within the federal government (e.g., the Federal Aviation Admin- 
istration, the Department of the Interior, and the Department of 
Defense) because the private sector can often react mom rapidly 
than NWS to requirements for tailored products at an attractive 
price. 
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It is unlikely that private vendors would provide generdbed 
archiv'd ccrvicca like thcoo of NCDC without a well-defined cua- 
tomar bare. Novartbrires, tho private cccfcor does havo that ca- 
pability. la caaoral, however, economic realities dictate that tho 
private recto? react primarily to specific customer demands for 
tailored cervices. 


5.S.S Dbscminatiaa 

Dbremiaatka is a principal area of growth in the private Doctor. 
Vendors cf climate information and cervices can reach a broad cus- 
tomer bane tepidly and directly by a variety of communications 
opticna cuch an terminal*, microcomputers, facsimile machines, 
telephone (a.g., synthesised voico), low-ccci satellite links, and tho 
commercial media. Furthermore, there are many private consul- 
tants who perform important dimate-rclated information cervices 
by using data from varicuo (usually ctato and federd) oautcea and 
I solving epcdfic problems for their clients. There rerviees indudo a 

eufestontid number cf applied research contracto for governmental 
' os well C3 private customers. 

A number of private firms oho provide climate “forecasts* 
for periods of a month e? more ia advance. Soma of there fore- 
casts are booed on proprietary models, while othcra utiliaa tho 
outlocko produced by tho CAC to solve specific problems raised 
by cuetamsra. 

It b fairly certain that tho majority of edca come from eupply- 
ing current “weather* information. However, the capability exists 
to provide much greater levels of climate-related data and infor- 
mation cervices. Tbs further devdopment of these cervices will 
require significant investment, hotter educated uecre, and possibly 
arignificont increase in the thill cf climate forecasts. 

In cummaiy, the private coster b currently very active in 
i providing information cervices for weather and climate applica- 

j tiona, The industry hen developed by providing more convenient 

products tailored to usar'a needs and by capitalizing rapidly on 
1 the emergence of new computer end communications technologies. 

< Today, thousands of dienta receive weather and dimate data over 

; private ccrvica networks. Rapid growth in thb type of tcrvico can 

| bo expected to continuo, assuming that the private rector contin- 

| uc3 to havo electronic recces to the data sources in NOAA at a fair 

i market price. 
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Tha Net tend Oceanic end Atmospheric Administration ehould 
ensure that cry actions taken to modify and improve tha federal 
activities in tha Generation and management of weather end cli- 
mate data end information will not restrict tha ability of the 
private ccctcr to ba a full participant. Specifically, tho private 
cactor ehould ba: 

1. Included in the planning for future weather and climate 
services. 

2. Allowed unrestricted acccm to weather and climate data at 
a fair market prico. 

3. Allowed to compete for services in both th« commercial 
and government marketplace. 

5.4 INTERNATIONAL ASPECTS 

The primary international body concerned with climate-related 
data is tho World Meteorological Organisation (WKO), acpcdol- 
ized agency in tho United Nations family. WMO and its prede- 
cessor, tho International Meteorological Organisation, have recog- 
nised tho importance of climate data for over a century. Tn 1979, 
WMO cooperated with the United Nations Environment Program 
(UNEP), tha United Nations Food and Agriculture Organisation, 
tho International Council of Scientific Unions (ICSU), and other 
international bodies to establish the World Climata Programme 
(WCP). Because of the global nature of climate end U.S. inter- 
ests abroad, the activities of WMO and tho WCP have a marked 
bearing on U.S. climate-related data programs. 

The WMO formulates and recommends data standards and 
coordinates international meteorological data acquisition and 
archival programs. Theca activities are indispensable to the prac- 
tice of atmospheric science end to the application of climate data 
in a variety of Colds. WMO regulations established by member 
countries mandate standard procedures and the free international 
exchange of data. Furthermore, WMO cooperates with other in- 
ternational agencies and organisations on specific data require- 
ments, e.g., tho International Civil Aviation Organization (ICAO) 
regarding aviation data needs. WMO ’a Commission for Climatol- 
ogy recommends procedures to bo used at climate stations and 
for tho handling of climate data. Tho Commission for Basic Sys- 
tems specifies arrangements for the exchange and processing of 
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data, which is accomplished through tho World Weather Watch 
(WWW) using the GTS. 

Tho United States b a member of tho WMO end a major 
participant within it. Tho United Statc3 both provides end re- 
ceives data through tho GTS and other WMO cyctsms. Tho data 
received from abroad are indispensable to many critical meteoro- 
; logical and climatological activities. Tho United States b dco a 
major cupportar of the WC? end has bean influential in its plan- 
ning and implementation. It has a major interest in maintaining 
world data standards and consistent data management practices. 
In co doing, it h&3 ceeumcd many different obligations in data and 
data management. Certain of these commitments are identified 
in Appendix Q. Of particular note are tho obligations to maintain 
World Data Centers for Meteorology, Glaciology, end Oceanogra- 
1 phy and to supply data to other World Data Centers. Tho panel 

! views there obligations and commitments as crucial elements of 

both tho national and international climate data cyctems. 

5.5 CONTINUITY OP NETWORKS AND DATA BASES 

Early in tho ctudy of atmospheric phenomena it wre recognised 
that observations at tingle stations were b adequate to ccscas end 
predict the complex motions of tho air. Beginning in tho eighteenth 
century, coordinated observations were proposed and networks of 
observational stations v/era organised. In tho middle of tho nine- 
teenth century, the advent of tho telegraph mndo possible tho first 
attempts to predict migratory weather cystoma. In tho United 
States, tho lead wee taken by tho Smithsonian Institution, which 
established a nationwide not of voluntary cooperative observers. 
By tho time tho weather end climate cervico was consolidated 03 
the Weather Bureau in 1G71, hundreds of cooperative observers 
hod been incorporated into a system of full-time observing stations 
oporsted by government personnel. Theca first-order stations were 
first operated by tho Army Signal Service and after 1SS0 by civil- 
I ian observers under tho USDA. Stations were located mostly in 
) major cities. With growing aviation needs in tho 1340s most were 
transferred to airports, and tho administration of the weather ser- 
vice became a responsibility of the Commerco Department. By 
that time, the Cooperative Observers Network had grown to over 
10,000 Gtations. 
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Data from both first-order and cooperative ctationo ore of 
widespread utility. la addition to conventional uccs for agricul- 
ture, aviation, and force acta for the General public, they ere used 
to manege heating and air conditioning, water and fuel supplies, 
surface transportation, and construction. They havo become valu- 
able tools in lend use planning, pollution control, recreation, and 
advertising. They often become legal evidence. A reasonable den- 
sity of observations is required, and co many stations havo been 
established, particularly in areas cf highly variable precipitation. 
Many era operated by agencies other then the NWS or era pri- 
vately maintained. The United States nov/ receives a very high 
value from tho cooperative network at a very low cost since most 
of tho observers are unpaid. 

The value of thess observations is greatly enhanced by con- 
tinuity at a specific location. Long, continuous records permit 
comparisons of weather inQuences on crop yields, water use, and 
fuel consumption during different timo periods. They also permit 
rational establishment of insurance rates for weather damages by 
hail, wind, end floods. Such records are essential for meaningful 
computation of climatic risks and other spatial and tims charac- 
teristics of climate. The reliability of statistical measures, ouch 
as variability, extremes, durations, and return periods used in 
planning, design, and climate research, resides in tho homogeneity 
of ths data cat. The analysis of come aspects, cuch as period- 
icities and tho ctsndard deviation of extremes, can require very 
long time Gcrics to obtain significant results. When locations ora 
changed and records are interrupted, these ctatisticn are eucpoct 
except for tho intervals of homogeneity. 

The use of data in operational models also demands continu- 
ity cf rocord. For example, many operational procedures used in 
hydrology are based on regression equations estimated from his- 
torical records. The lees of stations used in a regression equation 
can significantly degrads its utility in important economic and 
social decisions. This is a common occurrence of serious concern 
to water managers. Inadvertent errors can also arise os a result of 
relocation of measuring cites. This hazard is minimized by main- 
taining continuity of sites, (lagging changes within tho archived 
data, and ensuring easy access to station histories. 

Specific mention must bs made of the Reference (benchmark) 
Climate Stations (RCS). These are long-record stations at loca- 
tions where environmental change and encroachment ore minima], 
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ouch C3 parkland or cspsrimsntal farms. These stations must bo 
maintained as ctscdily us possible to permit ctudica of climatic 
fluctuations, trends, cad changes. Climate per co h such an im- 
portant element iaiiumea and general ecology that ito continuous 
curvcillanca a mandatory! Guch monitoring in particularly criti- 
cal because of tha evidence that human activity can bring about 
climatic clteraticns, cams cf which might bo highly undesirable. 

Networks will, cf course, change continually for cconcmic, cci- 
cntiSc, end other reasons. Indeed, the increasing teat of operating 
manned stations b a cudcisnt incentive whoa ccit-cSectivo alter- 
natives nuch ea automated instrumentation exo available. Abo, 
new technologies iifco remote ecaciag now provide invaluable in- 
formation that was previously unavailable. Nevertheless, despite 
the attractiveness of such new technologies, a conventional core 
cyctcm is ctill needed for traditional uses and to provide ground 
truth for the interpretation of remotely cenrod data. Whenever 
changes ere required, correlations must be developed between the 
data from the longer-term station to bo closed and its replacement. 

Because not oil needs for climatic data can be completely an- 
ticipated, it is imperative that tbo observational material from 
first-order and cooperative stations be promptly published. Publi- 
cations such cs Load Climatic Data and State Climatological Data 
prepared by NCBC should continue to be mode available through 
libraries and state climatologists' offices and for subscription and 
purchase by individuals. 

Observations arc token by cooperative observers onco a day. 
Tha primary measurements are maximum end minimum temper- 
ature end daily precipitation and snowfall. A number of these 
cooperative stations report precipitation in real time if over 0.5 
inches falls (for flood work). Seme data aro also gathered in real 
time for agricultural uses. Thcro havo been increasing pressures 
to make more of tho data available cither in real time or with time 
delays of one week rather than two months. It b possible that 
come stats climate offices could quickly enter a ejection of their 
own data into a computer and treaefor it to NCDC. Still, for per- 
haps 50 to GO percent of tho stations, it may not matter if there ore 
time delays of ona to two montlis before they ore available. Since 
NOAA, the Department cf tho Interior (DOI), tho Department of 
Defense (DOD), and USDA all havo data gathering networks, it 
may bo that a combined effort could bo used to gather tho data. 
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The resulting real-time data end delayed data chould bo mads 
readily available to everyone. 

Another aspect cf maintaining data continuity b the preser- 
vation and recovery cf old data seta. Many paper records ettrt 
decaying whoa they are 103 to £03 yearn old. A number cf records 
at NCBC will havo to bo microfilmed or they will bo lost forever. 
NCBC had cuppcrted an expanded microfilm effort fer csvorel 
yocra but ha3 recently been farced to ccalo it bach. 

Tha United States has excellent digital files cf daily precip- 
itation and maximum and minimum temperatures from many 
stations starting in 1CC0. Thcro era goad files of upper dr data 
from 1343 and good curfcco observations of winds, humidity, and 
co cn, from 1043. Sonn earlier data are available far U.S. Air Fores 
stations. Unfortunately, data for tho 1030s Dust Bowl period are 
not in a form that can bo used. Study b needed to dctsrmino what 
cubes t of tho data on tha patterns cf temperature, precipitation, 
winds, end humidity during that period chould bo recovered. Tab 
may lead to tho preparation cf 6-hourly curfaco data from about 00 
stations for 30 years (2.19 million observations). Tha cost would 
bo under 3300,000. A selection cf tha upper dr data chould also 
bo prepared for that period. 

5.8 MANAGEMENT OF ARCHIVAL ACTIVITIES 

A key factor in ensuring tho continuity cf data bases is tha cound 
management of data archives. Unfortunately, present archives 
have developed largely in an opportunistic manner. Careful, long- 
term planning b urgently needed. Such planning chould not "loch 
in’* or C lecb out" a particular technology or equipment type, but 
rather chould cot up on effective mechanism for balancing tho need 
for flexibility and reeponeivonesrs against tho need for consistency 
and continuity. Any each mechanism chould be able to address 
the following questions regarding tho management of an archive: 

1. How centralised or distributed should tho archive be, i.o., 
chould data be concentrated in one placo or chould segments of 
the data be dbtributed in a variety of nodes on a network or in 
libraries or offices? A cpccial concern b the political and orga- 
nisational censitivitics involved. Another is the communications 
capability that would be required to acceca an archive regardless 
of its structure. 
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2. Who chould manage tho archivo? Should tho managing 
orgonicatha ba part cf a larger institution with cthor dcto-rolatod 
responsibilities cr should it bo responsible only for tha archivo 
i tariff Thb would lihtly effect tho degree of coordination with 
other relevant groups end tha catting cf priorities with respect to 
data management activities. 

3. How chould tho eseMva bo managed? Is it easily cccccsibb 
at ell hours? I’o?/ largo a eta" b avcilsbb? What aro its policies 
regarding cert recovery? Should everything bo automated? What 
should ba dcaa by hand? 

4. Hot/ should tho directory or catalog of tha information and 
data in tha oxchlvo bo ctructured? How many bvob of directories 
thould them bo? What farm chould tho directories tela? What 
attributes chould bo lie ted within a directory? Should thoro bo a 
full description c? just n cursory description of tho data? Can a 
directory bo developed that could h audio both in-houss data seta 
and references to data sets held by others? Hew can data from 
different data eats in different formats ba accessed? la it pcceiblo 
to proview o? browse through data cetc? 

5. What additional cteaderds era needed in archiving? If 
largo quantities c£ data must bo ciorei v/ith both updating and 
continuous coceco, guidelines for fib structures, fila handling, duia 
bput, end record formats will certainly bo necessary, Thcco must 
bo coordinated cn both national and international levels. There 
chould also bo methods for dealing with ncacempatibb data eets. 

0. Hew should tho actual hardware and eoftv/are ir.cd to otcra 
end manipulate data in tho archivo bo selected and updated? 
Sines data volumes grew and technologies change, provision must 
ba rnada for tho evolution cf hard7/ara cad coflv/aro ca that long- 
term continuity h maintained. 

5.7 QUALITY CONTROL OF DATA 

Major problems occur in tha uso cf dimato data because of in- 
suOcient, inadequate, or inappropriate quality control. Quality 
control b used to removo errors in data. Among tho common 
causes cf error nro thoro cf observation, copying, entering data 
onto forms, and transmission on communication circuits. Other 
common sources of error aro instrumental malfunction and bias 
and tho improper bundling end exposure of instruments. Still 
other problems arise in tho uco of data duo to their inappropriate 
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interpretation to & result cf inadequate information on chon sea of 
cite, exposure, and instruments, and of undocumented chan 333 in 
observing procedures. 

Quality control is a process that ehould begin even before 
data era collected and that ehould continue throughout tho data’s 
useful lifotimo. It involves moro than data management par ce. 
Instrument design, good operating procedures, and feedback from 
users are of vita] importance in maintaining data quality. In turn, 
quality control provides the eystem operator with urgently needed 
information on hew well the data acquisition and transmission 
components aro functioning. An effective quality control program 
is vital to archiving: the alternative is to risk very costly errors in 
decision making as n res'dt of cometimea very erroneous data. 

Quality control usually involves cpaco, time, and consistency 
checks. Spatial checks aro used to remove spurious load fluctua- 
tions in data. Caution must bo used co that information is not lost 
that is essential for other purposes. Procedures should ensure that 
tha original data aro saved along with tho corrected values. Cheeks 
for time continuity con often enhance data reliability within Ond 
tolerances. For example, timo checks rising pre-cure, and prercuro 
tendency cosily identify inconsistent or obviously bad values. Tho 
accuracy of a chip’s location is readily verified by comparing it 
with others dong its routa. A surprising number of chip reports 
erroneously locate vessels in unusual locations (c.g., tho Sahara 
Desert) for went of cuitablo quality checks. With c&toliito data, 
whole e-eon lines may be bad or tho navigational information may 
be in error. Problems of this kind often require sophisticated 
quality control techniques. 

Tha quality control process ehould not impede excess to data 
nor load to data degradation. Rather, it should faeiiitato uso, 
make known possible hazards in tho data, ad visa on adjustments 
and corrections made, and retain tho originally reported valuo for 
inspection if there is any uncertainty. Corrections should only 
be applied when enhancement is certain to result. Access to data 
should not bo delayed, but tho user should bo adviced of the lovcl of 
quality control that tho data havo received. Improvement in data 
sets may occur in incremented steps, and come enhancements may 
follow os a result of uoago. Caro should bo taken in deciding levels 
of control. Somo very simple checks aro tho moat pcwcrtul, and 
there is a decided risk of distorting data by complicated control 
procedures that aro not readily understood. Unusual reports on 
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phenomena chould not bo cuppromcd on tha bods of a reviower’o 
opinion. Reports of early jei-bvcl winds wsro rejected in World 
War II C3 unrealistic bocauss cf cur igaorcaco at fcbo time. Soma 
cccmingly bed data can ba salvaged. Fc? eacntpb, chip baromet- 
ric pressure records may Lava larfp blcsesj howsver, thccs records 
should not ba discorded bcscasa they con bo repaired ones tha 
nctaro of tha bloc is known. Eimilosly, faulty quelity control clo- 
ciejcea con obscura real differences that exist spatially in clirnsio. 
Exroro Lava often been made in cdfjurtiag winter temperatures 
near open lobes or at high cbvaticn because they disagree with 
these for other well-known citc3. 

5.0 OPPORTUNITIES FOR E.1FROVED DISSEMINATION 
AND USER INTERFACE 

It ccacct be stressed enough that, regardless of how much effort 
is put into collecting, processing, cad archiving data, it would all 
bo worthless if tha moans to disseminate information to end users 
is locking. With th» now communication end dbscminatiea capa- 
bilities now available, tho opportunity exists to improve csrvieco 
greatly. With increasing end use? cophirticctlcn end expectations, 
new methods for transmitting, ci'pkybg, cad applying data and 
information in user-friendly forms will certainly ba required. It 
is tbs important that ueero know whew to go to obtain ths data 
end information they need. Tha mein features cf o ucs? interface 
cough t by end users are cummsrisod in fbb!o 5.1. 

Tho increasing availability of communication networks, com- 
puter terminals, end microcomputers robes o number of questions 
regarding ths diraemiaaiion cf data end information. How do we 
factor cuch improved hardware into planning? What kinds of per- 
sonnel ero needed to handle these now approaches? How meny 
peopls will bo needed, and with whet kind cf trcicing? Hot/ much 
ccrvico chould bo provided to users today at what cost? How much 
should bo automated? Hew much requires human input? Whet 
should bo charged for dote or information? 

Charging for data is a major issue at present. Tho Office of 
Management and Budget has decided that tho costs of dissem- 
inating federal government data must at least bo recovered. In 
many eases, elightly more than actual costs chould bo charged to 
compensate for the implicit institutional contribution. 
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TABLE 5.1 Futures of a User Interface Sought by Users 


Acceti There must be easy access to archival holdings through 

the Identified source. The data management system must 
be responsive to the diversity of needs Imposed by the 
user community and should facilitate access In a 
cost-effsetive manner. 

Archive The archive must have depth, completeness, homogeneity, 

quality, and relevant data holdings. The integrity of 
the archived data must be assured, care being tabs.-i to 
ensure that deg, adation does not occur through 
observational procedure, transmission, quality control, 
or Inability to preserve potentially useful data 
files. The Integrated archival system should 
Incorporate all relevant data, standard and 
nonstandard, in common formats and provido suitable 
indicators of data limitations. 


Communication Responses and documentation must be easily 
understandable by users. 

Compatibility The data delivery system should be compatible with user 
systems, capable of responding on a variety of user 
media (e.g., electronic, paper, or micrographic). WMO 
observational standards should be employed. Quality 
control of data must be standardised. 

Consultation Consultation mutt be available on the meaning of the 
data and its processing, interpretation, and use. 


Context Information on Instrumentation, exposure, observing 

practices, quality control procedures, and changes 
therein must be documented and available. 


Cost 


Charges for the provision of data services mutt be fair 
and consistent. 


Knowledge Information on data holdings, their utility, and 

service functions of archive centers must be made 
available from the identified sources. 



TABLE 6.1 (continued) 


Limitation* 


One-Stop 


Processing 


Referral 


Responsiveness 


Scop* 


VU»bi"ty 


All data limitation* (constraint! to their 
interpretation or use) must be identified. Altered 
data must be identified (flagged) and the nature of th* 
alteration specified. In the case of nonstandard data, 
methods should be available for their "normalisation.* 

Th* use of WMO-recommended standardised procedure* for 
acquisition should be strongly promoted and be tht norm 
for govcrnmentally supported networks. If only 
poor-quality data are available, however, users should 
not be denied access until the data are improved. 

All of these capabilities should generally be available 
to a user through a single contact or by specific 
referral. 

The archival center should have a data processing 
service capability including utility progr: -no. 

A referral system for climate and climate-related data 
must be in place and highly visible and accessible to 
users. The referral system should enable the 
identification and location of nonstandard a* well as 
standard data. 

The response to requests for data must meet reasonable 
user deadlines; archiving should be on a real-time 
bails; direct access to files or publications is 
preferred The data system must be responsive to 
existing and changing needs for data and user 
technology. 

A wide range of data should be available directly or by 
referral, including (within reason) data from re'ated 
environmental d-tciplines and economic, demographic, 
and other data useful for applied studies and for 
axsessmerts of the value of climate data. 

The user must be made aware of the data access points 
and their features. 
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No dissemination system can rely solely on automation. Hu- 
man intervention must be available. At the leant, a person is 
needed to explain a method to an end user or to respond to ques- 
tions. How should complaints and problems bo handled? To what 
degree is tkn system manager liable for incorrect information or 
poor data quality? How much documentation is needed to support 
the data and information provided? 

Many different types of end users will access climate data: 
lawyers, farmers, military personnel, newspapers, and so on. Spe- 
cialists familiar with particular areas or disciplines should be avail- 
able when data and information arc disseminated in order to better 
respond to the particular audience. Models of these kinds of op- 
erations currently exist in other disciplines. It may be necessary 
to retrain personnel to use new methods and understand new 
questions. 

Dissemination should be more than simply responding to a 
query. Bibliographies, directories, and summaries are necessary. 
These should bo published periodically and distributed through 
user-oriented channels co that present and potential users can find 
and mako uca of the data. Articles should be written in "end user" 
publications and a reasonable level of publicity maintained co that 
people know what is available and how to start a query process. 

Educational material should bo developed and included in 
routine climate publications, in trade and professional journals 
of relevant user communities, in popular journals, and in othor 
publications directed at both general and specialized audiences. 
A regular publication such as a biannual newsletter or a column 
in a professional journal on data management should be issued to 
keep relevant user communities current on data developments and 
use. These materials should be disseminated among and by federal 
agencies, state climatologists, and other centers and agencies that 
are in contact with actual and potential users. Opportunities 
provided by workshops, professional association meetings, user 
trade fairs, expositions, and the like should be exploited. 

User workshops should be held routinely for research and ap- 
plication set- tors at the national to state level. The purpose of the 
workshops should be both to inform the user community and to 
acquire knowledge that is needed to enhance the utility and func- 
tioning of the data system. Users must have ample opportunity to 
make recommendations regarding data services. A process should 
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be established to ensure appropriate consideration and communi- 
cation of proposed actions. 

A pressing need ia to develop a library of rousting work on 
climate applications. At present, there b no single place where 
even half of the many books, articles, reports, and other materials 
on climate applications generated in the past few decades can 
bo found. Nor b there a single listing of oil publicly cupported 
research involving climate data applications, A central library 
would be an invuluabla resource for these interested in the value 
of climate applications or in the development of new applications. 
Such a library should be made accessible via standard computer 
networks. 

The building industry b one example of a highly fragmented 
community of end users of climato date, Manufacture re, design- 
ers, contractors, and building owners and managers operate in 
sequence but ore almost entirely independent of each other. It 
would be virtually impossible for this community to coordinate 
and maintain compatible data collection facilities cuch os a color 
radiation network consistently for any period cf time. On the other 
hand, this community would have a vested interest in contributing 
to a public dots network tailored to their needs for o specific pe- 
riod. Indeed, such a participatory network might greatly enhance 
their interest in and use of environmental date, with potentially 
great economic and cocial benefits. One imtial step should be to 
create data collection station packages with standardised quality 
control that con bo utilised by various end uss groups for a min- 
imum of five years. Using cuch standardised packages as a base, 
it should be possible to improve understanding of their needs for 
data and information and of the potential benefits of meeting such 
needs. 

It b dear from the many questions raised above that there are 
many unresolved issues regarding dissemination and user interface. 
Careful planning will bo necessary to respond effectively in the 
next few years to these problems. 
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Recommendations for Action 



6.1 AN INTEGRATED PROGRAM FOR WEATHER AND 
CLIMATE DATA 

Aa discussed extensively in this report, a variety of weaknesses 
exist in the system for handling weather and climate data. These 
weaknesses highlight the continuing lack of coordination in data 
collection and management within the federal government. Co- 
ordination of data activities requires constant attention at both 
the policy and working levels. Thera must bo continual feedback 
and interaction among all the participants in the data system, 
including these responsible for observations, quality control, data 
analysis, data archiving, equipment procurement, and data dis- 
semination. There must be recognition of the substantial and 
continuing value of climate data to the nation. There must also 
be an institutional mechanism for implementing and enforcing 
improvements. 

Unfortunately, despite the coordination efforts of the NCPO, 
no mechanism has yet been effective. Ad hoc meetings, inter- 
agency committees, and advisory panels have tended to be too 
transitory and have lacked the power to follow up on their recom- 
mendations. A major task at a high level in tho federal government 
is therefore to improve coordination and collaboration both within 
the government and with ether groups: 

Recommendation 1 : The federal government should clearly ar- 
ticulate an integrated national policy covering its obligations 

and limitations in (a) the observation and monitoring of the 
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weather and climate; (b) the collection, processing, and man- 
agement cf weather and climate data; (e) the retention and 
archiving cf weather end elimcte data; end (d) tie prevision of 
weather and climate information and ceres eca. 

SpeciEcdly, such a program chculd integrate tha organization 
and adminbtration cf major data gathering, processing, archiv- 
ing, and dissemination activities ca much ca possibla. It should 
include effective racchcnbma to enforce consistency cud coordina- 
tion v/ithia end between agencies when necessary. Federal data 
policies cad plan3 sad tha limita cf federal government responsi- 
bility and activity should ba clcsrly articulated. A primary goal 
should ba to improve feedback throughout tho weather and cli- 
mate data system, o.g., between data producer! and users, policy 
cad working levels, oporationd end procurement personnel, cad 
public and private sectors. 

65 REMOVAL OF THE DISTINCTION BETWEEN 
WEATHER AND CLIMATE DATA 

Since tho formation cf ESSA (NOAA’o predecessor) in the 
raid-lCSOs, tha primary responsibility for “weather* cad “climate* 
hea been in different major lina components of tha agency. Sep- 
aration cf tho two made it poesibls to emphosiee tho “unity* of 
atmosphere, oceans, and lithosphere by organising ell retrospec- 
tive data responsibility for tha three within a cingb major line 
component. Thb may have been a oound end proper organisa- 
tional decision at tho timo, but much ben changed in tho two 
decades since then. The panel thinks it b nor/ appropriate to 
reexamine thb structure for the following reasons: 

1. An discussed previously, tho distinction between “weather* 
and "dimate* hen become much more vague in the cease of data 
use, largely on a result of cignificant changes in data communica- 
tion and computer processing. Tha gap between real-time data 
use for weather forecasting and retrospective data use for a mul- 
tiplicity of purposes has become filled by near-real- time use for 
climate monitoring, irrigation scheduling, and the like. The entire 
process from origiad observation to data storage and retrieval has 
become a continuum with no logical point for a complete “hand 
o2* from one manager to another. 
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2. The responsibility for station establishment, maintenance, 
and abolishment now lies in one major lino component of NOAA, 
while the responsibility for describing the climate lies in snothor. 
The observational requirements for weather forecasting and for cli- 
matic applications are not dwsyo compatible, much lees identical. 
Both ncedo should always bs weighed. 

3. Fiscal realities dictate that resources bo applied with the 
utmost effectiveness. It appears likely that come addition cl dollam 
could be transferred from administrative costs to actual data han- 
dling costs by reducing tha amount of coordination, consultation, 
and so forth required by the “weather-climate* cpiit now built into 
NOAA. 

4 . There also are non-data- related reasons for reexamining the 
situation. Not least among these is that the public docs not un- 
derstand this bureaucratic division between weather cad climate. 
Citizens reasonably look first to the NWS, not NE3DIS, when 
questions or problems arise; one might argue that the government 
should adjust to the citizens rather than the converse. 

Recommendation S: The federal government should recognize 
the veers’ need for a continuum in the management of weather 
and climate data. NOAA should therefore reassess its ezieting 
institutional arrangements urith the objective of improving the 
coordination of vitather and climate data activities. 

0.3 ESTABLISHMENT OF A NOAA DATA OFFICER 

The National Oceanic and Atmospheric Administration plays a 
central role in the national weather and climate data system. It 
operates moat of the major observing networks, including radar 
and the operational polar-orbiting and geostationary satellites. It 
processes and stores most of the conventional data collected in the 
United States and in much of the rest of tho world. Through the 
National Climate Program Office located in the NOAA Adminis- 
trator’s Office, it helps coordinate the National Climate Program 
and the U.S. contributions to tho World Climate Program. 

Unfortunately, many of these activities ere administratively 
scattered throughout NOAA’s organization. For example, ca noted 
earlier, the National Weather Service operates the Cooperative 
Observers Network, but it is the NCDC, part of NESD1S, that 
processes the collected data. Thu has led to problcma such as 
thoas described in Chapter 4 of this report. 
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; Tin prcbhsa is mode eves more complex by tho many other 

tgcncio and ergaabotions that have bbdbg ogrearmnu with 
NOAA.For example, experimental catallitca era managed by the 
National Aercn&aticn cad Space Administration, but the data they 
generate era ciba NOAA’a responsibility. The Fidcrd Aviation 
Adraiaistr&tiea werba closely with the N\VS ia providing aviation 
weather bformetisa. DOB b both a major courea cad a major user 
of data. NCAR, which handles lain 0 amounts ef data ia a research 
made, b operated by a university ccncortima far the Motional 
Science Foundation. NOAA itself b pert of the Department of 
Commerce, and many of its administrative policies are therefore 
controlled at the departmental or oven cabinet level. 

The panel cl course recognises that any administrative ctruc- 
turo b an organisation as large as NOAA will necessarily divide 
/ come functicsn eibitrorily. In light of thb, the panel makes tho 
follov/bg recommendation: 

Iteeonmendctton S: NOAA should establish o central d&to of- 
far for tscciicr and climate data with a clear tnendett, broad 
authority, cad caff dent reseureeo to ( a ) conduct epatematte 
end tcnpsr&s! studies of requirements for tecclher cad climate 
i data end of nets teehnckjics for efficiently mating tr.se o ra* 

| qairemarJo; (h) coordinate planning for nets ejestker aad cli- 

mate data management, communication, end dissemination 
egstemo throughout NOAA; (c) develop dear etandarda for 
data collection and instrumentation, ccnsistcnt end efficient 
quality control, end cost-effective data archiving end disacmi- 
nation for bade oheenetions, derived parameters, gridtlsd data 
sets, end (pedal-purpose data sets each as thou obtained in 
field experiments; (d) ensure the continuity, careful mcncyc- 
meat, end coordination of keg climate netrosrho, data bases, 
end publications, including the cooperative end baseline ob- 
serving nctoorto; and ( c ) act ea coordinator end critter in 
decisions concerning resource allocation, technological mod- 
ernisation, and data preservation , both udthin NOAA end in 
j cooperation trith other agencies, and serve as a food point for 

< coordination with the World Weather Watch program of the 

| World Meteorological Organization. 

The data we are collecting and ctoring con be considered to 
J bo a national resource. It costa a great deal and b important to 

| many pcoplo. 7b put thb house b order in the mo3t efficient, 
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coot-cScctivo way will at a minimum require a cingle mcaegemont 
point with the necessary responsibilities and tho authority to do 
what 13 necessary. 

Tha panol ctrcagly believes that tha establishment of a data 
officer would ba an important first step toward providing tha co- 
ordination, planning, and direction necessary to radio euro that 
climate and meteorological data most national needs in tha coming 
years. Additional actions of both a policy end an administrative 
nature may well bo warranted. Such actions chould ba developed 
as on integral port of tho national program discussed in Recom- 
mendation 1. 

What follows exo como rc3poncibIUtieo and tanks that chould 
be assigned to tho data officer. 

6.3.1 Studies of Data Requirements and Options 

At present, there is a pressing need for detailed examination of 
specific requirement! for weather and dimato data cad of new 
technological alternatives for meeting these requirements. A broad 
perspective on tho entire national cysicm fc? handling weather cad 
climate data is required. Sustained cooperation ca the part of tho 
federal agencies involved would be necessary. 

The panel etrongly believes that tho data officer would bo 
in an appropriate position to manege oyctcxstic end impartial 
studies of data requirements and options. On the cno hand, tho 
data officer would have tho expertise and familiarity with relevant 
issues to ensure that studies era of eufficient depth end realism. 
On tho other hand, the data officer would bo able to balance 
institutional and other considerations in the context of broad data 
issues and improving technological capabilities. 

6.3.2 Coordination of Planning 

The data officer chould be the main focal point far coordination of 
planning all along tho continuum of data management, including 
data handling, communications, ctcrage, and dissemination. 

Liaison committees of data collection groups may be helpful. 
Those chould include state and regional organizations, the vari- 
ous federal agencies, end privato esetor groups. Such committees 
should permit frank discussions of data flow, formate, communi- 
cation protocols, and co on. A liaison committee involving data 
system operators at all levels chould address problems of data 
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eioiago and access, compute? cyctcm operstiena, end data inter- 
change. 

Coordinated planning to ensure tho compatibility of oyetams 
at all tinges of data msangsasont chculd bo developed. Such plan- 
ning chculd encompass hardware tad eoftwsre development, ac- 
quisition, imphaentatica, operations, cad raaintsncaca cad would 
allcv/ for evolutionary development of a cmcothly operating na- 
tional cystc-m c? cystoma. Planning in these ores'; should bo both 
long- end eh cut- terra cad fcaho ccgaboaco cf Gtaixff-thc-Est tech- 
nological end computer dsvelspmenis, new techniques in data 
bees development end utilisation, tclecommunieeticn advances, 
end changing user needs, requirements, end cccces methods. 

Coordination of plcaning by the data cEcer would permit 
the development of on optimum approach at ell levels, with full 
opportunity for ell concerned to provide input, alternatives, and 
recommendations. Ths needs, goab, end constraints of tha various 
members of the community rsuet bo carefully considered- Fiona 
should also bo flcxibla and dynamic, allowing room Car experi- 
mentation with advanced technologies cuch as AI techniques, new 
satellites, end now types cf data. 

0.3.3 Standards, Quality Control, and Archiving 

In the cron of weather and climate data, a variety cf standards 
exist end many ethers ere being developed under feho auspices 
of different groups end organisations cuch ea ths World Meteo- 
rological Organisation, ANSI, tho National Bureau of Standards, 
and tha American Society fer hinting Materials. Basic standards 
for meteorological observations arc cat internationally within tho 
World Meteorological Organbatioa. However, tha application of 
ccientiSc standards b cot universal, and there are no widely ac- 
cepted standards for software end hardware for ciimato data man- 
agement eye terns. Indeed, different standards era come times used 
oven within tha cams agency, as well os between agencies. This 
can bo extremely wasteful and inefficient in tho long run. The 
need for common guidelines end standards is evident in tho re- 
cent proliferation of data communication protocols developed by 
different manufacture re. Sines to many players ere involved in 
data internationally, nationally, and regionally, ctrong leadership, 
coordination, and cooperation ore essential. In tho panel’s view, 
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this presents on opportunity foe tho data officer to taka a leading 
rob. 

Of urgent concern are ths dovalopmsat and improved appli- 
cation of ctandarcb for data acquisition end quality control. One 
approach weald bo for tho delta officer to main formal egreesaeata 
with various groups and crgsnkctioaa cash ea tiro National Bureau 
of Standards, cicis agencies, prefcooisaal groups, end mssaufactur* 
cra. Th coo agreement® chould givo tbs data cificc? tha rcopcuribil- 
ity for cstebhshiag and promulgating ctoadards relating to weather 
end climate data proceed!) ft, especially within flOAA. Such stan- 
dards should bo developed C3 necessary by technical week groups 
or specialists from tho community end ehculd bo fully reviewed by 
the community. Standards not only would impreva tho efficiency 
of data collection, proccwing, and dissemination, but should also 
make cystsm design end development easier and 1cm costly. At ell 
phases of etandor do work, tho community of collectors, users, end 
oyctoma people mint bo consulted end involved. 

Tho need for quality control is universally accepted. However, 
it is a difficult task and must bo considered over tho full rang® of 
data activities, Cram original input through etorago end output (cea 
Section 6.7). Tho data cSccr should provida this comprchoadvs 
view of quality control, working closely with tho croups reependbh 
for quality control at each etego. 

Cosi-cfFectivo data archiving and dismminatba requira that 
tho end uses end end users of the data ba known, end that tho 
users bo adequately informed about data courses and access. Of 
specie! concern or® tho development cT an inventory end directory 
or catalog of tho data end information; cyotematb improvement of 
tho hardware used to archive tho data; refinement of tho human- 
computer interface; and improved marketing extslycoo to ascertain 
user needs end preferences. Many difficult decicicua aha need to be 
made, for example, regarding what data to erchivo or to discard, 
what data to convert from paper records to digital formats, what 
satollita end radar data to retain, and v/hat coots to recover from 
end ucoro. Tho data officer chould play a leadership rob in all of 
these decisions. 

6.3.4 Key Climato Networks, Databases, and Publications 

Tho data officer chould have sufficient authority to ensure that 
key climate networks, data bases, and publications— such os theca 
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discussed in Coition 5.5 of this report — oro consistently supported 
end carefully ntnnogod in acccrdanea with both statutory require- 
ments end user needs. A particular concern is tho continuity of 
monitoring end data archiving activities, dr.ee even email lapses 
can cigniSccntly danego thdr cdcatlfie, economic, and public pol- 
icy value. Tho data cQcsr chculd at a minimum have cuHcicnt 
resources to supplement activities whsro necessary in "emergency" 
eitu&iions. Additional authority, e.g., in tho planning end budget- 
ing processes, may dso ba necessary to ensure that problems are 
dealt with effectively at on early ttego. Clearly, tho data c Ulcer 
must work cloeoly with both the rslovant operating agencies end 
! tho use? community to dstermino bag-term needs and develop 
| effective otratsgbs for meeting thorn. 

j 6.3.5 Coordinator end Arbiter in Data Decisions 

i 

Because of tho magnitude of tho data handling and ctorega prob- 
lem, esnto form of control ovorright end coordination b & necessity 
for better service and mcro cost-effective actions. Completely 
decentralised mencgoiacat cf data resources without cuch coordi- 
nation tenth to bed to ccatinusd incompatibilities, poor resource 
dlcc&tioa, and inconsistent application cf technological modem- 
b&tion. Coordination and arbitration by tho data office? would 
i impreva tho likelihood cf clear direction, optimal &rd balanced 
allocation of scores resources, cad coordinated innovation. This 
coordination end arbitration docs not cf course moan centralized 
handling cad control. 

6.4 PROMOTION OP THE APPLICATION OF WEATHER 
AND CLIMATE DATA 

Many decision makers era unewero of tho need to consider climate 
&3 a factor in deaden making. Tho perception b widespread that 
climate b a constant. Groat empties is often expressed when 
j clim&to or weather extremes occur. When thoy do, the general 
reaction b that “tho climate must ho changing.” 

Unfortunately, our memories era chart. Climatologists rceog- 
nho that decision mohero are likely to remember only tbs previous 
year cr to, unless thora ora unusual circumstances. For example, 
moat energy supply companies request biating-degrco data only 
for tha current end post year. Following a sequence cf three unusu- 
ally cold years in tho iato 1070s, fuel oil companies near tho Great 
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Lakes experienced major eurpluccs efts? tho climats returned to 
moro normal conditions. They assumed that every year would bo 
lifco tho Ic;S. Recognition of tho variable nature of climate could 
hava enabled economics through hedging ctr&tcgics. 

Climate has raveabd a meat divarcs character ever tho pact 
century. A major urn of U 13 climate data bare b to permit tho iden- 
t iS cation and quantification of climate hssards end opportunities 
that hava occurred in tho pest and winch could therefore occur 
eg&in. Another uce b in tho epatid comparison ci opportunities 
end hasardo. For example, comparative values of aridity can "hew 
which locations arc most cuitable for irrigation development, color 
energy, end raincoat marketing. 

Having euch utility in mind, tho National Climaso Program 
Act of 1070 noted tho lack of a “curtained and coordinated program 
of climate monitoring, analysis, information dissemination, end ro- 
cs arch.* It cpcciflcd on one of its purposes “improving ccrviccn re- 
lating to climate, particularly tho dkecminctiou of climato-rclatod 
data end information.” It cko cpeciScd “tho periodic publication 
of reports in npproprbto professional, trade, cad popular journals 
describing tho form and moaner in which the data oro available.” 
Attainment of the program objectives and national ccciri and 
economic gosh b dependant on optimal uco of data, not just 
the existence of an optimal management eyntsm. Optimal uea 
deponds on user understanding of tho potential offered by tha 
weather and climate data system. This in turn requires that 
NOAA maintain end improve ita existing expert ioa in data etrvices 
and cpplicatbns and provide leadership in tho dc-vslopmcnt of 
Deeded ewarcaccs and capabilities throughout tha user community. 
Existing efforts to dcmosstr&ts and communicate tho bcncSb of 
tho many uses of climota data must bo continued end expended 
to tha user community. Research Endings that era c l significant 
relevance to data users in othor Gelds of activity eh cold be mado 
generally availabb in eerily understood forms. 

Recommendation The federal govemmeat elcttld increase 
active promotion of the application of leather end climate 
data in hath the pullic and private esetora, including continued 
documentation end demonstration of the broad utility end value 
of tnch data. 

Tho climatological end meteorological community chould ra- 
cist in thb effort by actively helping to improve unders tanding of 
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tho vsluo of clini 2 t>rclaiod data with rcrpsst to economic, health, 
safety, end c^s^rd wc!f:^o considerations ia cadi major end u-a 
sector of tha esc nomy. it will bo particularly important to move 
bGyond eoavcnticacl ctudisa c? tia usa cf cllmata inCjnnation in 
cgricultuxo, energy end water management, cad military opera- 
tions. Inaovativo ctudka, ertrisara, workshops, end co on, cbould 
bo csgsnisad to euri with tha explication end volua cf climota 
infcimaibn in ell csctcra, iadedisg tha building industry, med- 
ical cad legal ecrvbos, emergency preparedness, recreation cad 
tourism, end multimedia rseourso (o.g., eir, v/.V.er, end coil) man- 
agement, and on both national end regional codes. 

Tho potential vduo to bo realised through tha technical oppor- 
tunity cow available has cearcoly been probed. A major objective 
of tho abovo ciudica should ba to clarify tbs quantity and quality of 
data needed by each cad usa eerier, tbs priorities given to different 
data, cad tha degree cf dots bssa Cesibility that b required ia tha 
long term. Tteeo u soda and priorities chculd form tho basis for tho 
judicious dlosciioa cf rcaeurco among clesnsata cf tha notional 
chmata data eye tern cad for decisions about futura investments in 
tha system. 

It v/iil ba feperisnt to entrain dl eastern cf our national 
life ia tbesa efforts. For esempia, ccnridsratba might ba given 
to fermutba of & fsdsrd-GtstG-privata sector board to coordinate 
climate entrench activities. Tha NCP workshop held at Woods 
Ho!a ia tha duskest of 1225 (Beard on Atmospheric Sciences cad 
Climate, 1GC0), for cncsnple, rsccmmacdsd tho development cf a 
new climatic atlas closely hayed to tho air do cf users, end linked 
to tho d&ta bees cf tho 1CC0 Csasua. This beard might take the 
planning cf thb ctlta as cm initial focus for ita work. 

A hoy chixiest cf any effort to premoto tho application of 
weather-end climate data should ba tho development of data ac- 
cess points at which end users could obtain both rc&l-tims end 
historic data in “one step.® Coordination or even consolidation of 
access points, o.g., via a central clearinghouse, b needed co that 
timely, comploto, tad interdisciplinary information b provided to 
all end users. Thb would greatly rcduco both confucioa about 
data availability end tho costs cf obtaining tho desired data. At 
tho data ecccea p-oiatfl, it weald be useful to provide technical 
support in tho application areas served and to maintain compre- 
hensive libraries ca relevant work in applied climatology. Tho 
number of data access points, their geographic distribution, their 
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oSIiaticn (i,o., pubiis vercss privata czcic?), cad their taado of 
operation cl'culd depend ca tba needs tad dbSribaifoa cf cad uses 
cad ucaro. Moro detailed rasaitorias cf both cad csss cad cad 
ucero >ed were cophbtieatcd enalysm o? tbcis needs erltl eartaialy 
ba required. IS ia oho irnpcriraS that thera data csceea pciato bo 
mads ca integral part cf tbo netisawida cystcra cf dliasta cervices 
BacccsSed in tbo report Ucciing &s Chdkngs of Ciitasis (Cliraato 
Beard, 1GS2). 
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Tbs foundation for ell climatological and meteorological analysis 
and reporting is data. Once collected, it is a basic resource. How 
our institutions deal with the management of thi3 resource will 
affect the ec curacy, reliability, and utility of national weather and 
climate information tor years to come. 

A variety of technological and societal changes are fundamen- 

• telly altering cur capabilities for handling end utilising weather 
! end climate data. Whsro these changes will load is uncertain, but 
S the premies b tremendous. Indeed, tho weeds of Helmut Lands- 
i berg in 1013 era still appropriate in many respects: 

. . . tbs cn United clinstic resources of tbs United States still 
await conlsr-tioa esd exploitation; they wait to bo tapp'd. They 
premia- faU re*, a ms by better adjustment of our homes and health, 
our e-snculiure tad technology, to tho atmospheric environment 
(Laadibsrg, 1C4C). 

Tba panel strongly believes that implementation of its recom- 
mendations would bo a rigwficant early step toward realizing this 
pismico Tiro erdyrb and rccommerdations in tho prersnt report 
focus ca atmospheric climate data; further study o? other data, 
especially oceanic and satellite data, should bo undertaken. Other 
actions may certainly bo necessary after further detailed exami- 
nation of »ho issues. Tho basic challenge, however, b this: the 
federal government must eerio- dy examine it* handling of weather 

• ar.& climate data from a b.jad, long-term perspective and establish 
mechanism/ 1 to ensure sensible, government-wide planning and »m- 

i plementalion of Jeta management. If this challenge can be inet, 
all other problems should be solvable and the bright promise of 
climate-related data will be fulfilled. 
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TABLE 5,1 (continu'd) 


Limitation* 


One-Stop 


Proceulng 


Referral 


Responslventea 


Scop* 


Visibility 


All dita limitation* (conitr&lnta to their 
Intcrpratatlon or u**) muit be identified. Altered 
data muit b« identified (flagged) and the nature of to* 
alteration tpecified. In the cat* of nomtandard data, 
mjthode ahould be available for their 'normaliaation.* 

Th* uh of WMO-recommended atandardieed procedures tor 
acquisition ahould be strongly promoted and be the norm 
for governmental!/ supported network*. If only 
poor-quality data are available, however, user* ahould 
not be denied acceia until the data are improved. 

All of these capabilities ahould generally be available 
to a uaer through a single contact or b/ specific 
- referral. 

Th* archival center ahould have a data processing 
service capability Including utility pcogrr-cj 

A referral system for climate and climate-related data 
mutt be in place and highly visible and accessible to 
user*. The referral system should enable th* 
identification and location of nonstandard as well as 
standard data. 

Th* response to requests for data must meet reasonable 
user deadlines; archiving should be on a real-time 
basis; direct access to files or publications it 
preferred. The data system must be responsive to 
existing and changing needs for data and user 
technology. 

A wide rang* of data should be available directly or by 
referral, Including (within reuon) data from reiated 
environmental disciplines and economic, demographic, 
and other data useful for applied studies and for 
assessments of the value of climate data. 

The uaer must be made aware of the data accese polnta 
and their featurei. 
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Appendix A: 
Acronyms 


AFOS 

AGNET 

AI 

ALPEX 

ANSI 

AWIPS-SO 

BPI 

CAC 

CAMS 

CBS 

CD-ROM 

CEAS 

CIS 

CLIMPAX 

CPU 

DOD 

DOI 

ESSA 

FGGE 

GALE 

GARP 

GATE 

GCM 

GMS 

GOES 

GTS 

ICAO 


Automation of Field Opsratioas and Services 

Agricultural Network 

Intelligence 

Alpine Experiment (GARP) 

American National Standards Institute 

Advanced Interactive Processing System for the 19903 

bits per inch 

Climate Analysis Center (NOAA) 

Climate Anomaly Monitories System 
Commission for Basis Systems (W MO) 

Compact Dish, Read-Only Memory 

Center for Environmental Assessment Services 

Climate Information System 

Climate Impacts and Adactmsnt Experiment 

Central Processing Unit 

Department of Defense 

Department of the Interior 

Environmental Science and Services Administration 
First GARP Global Experiment 
Generation of Atlantic Loses Experiment 
Global Atmospheric Research Program 
GARP Atlantic Tropical Experiment 
General Circulation Model 
Geosynchronous Meteorological Satellite 
Geostationary Operational Environmental Satellite 
Global Telecommunications System 
International Civil Aviation Organisation 
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ICSU In tern attend Council cf Retentive Uuioae 

IMO Interaattend Mcteorologied Organisation 

METEOSAT Ilcicorologied Satellite 
MIPS MiEteaa cf Iustnsctieno per Second 

NCAR Natiead Center for Atmospheric Research 

NCDC Natioad Climate Data Center (NE3DZ3/NOAA) 

NCPO Natioad Climate Program Ouka (NOAA) 

NE3DIS Naticaal Environmental Satellite and Data Information Service (NOA> i 

NEXRAD Kent Generation Radar 

NMC Natioad Mctccrotegkd Canter (NWS/NOAA) ' 

NOAA Natioad Oceanic end Atmospheric Administration 

N-ROSS Navy Remote Ocean Sensing System 

NWS Natioad Weather Service (NOAA) 

RC3 Reference Climatolejicd Station 

SCOPE SciaatiSc Committee os Problems of the Environment (ICSU) 

STORM Stormscala Operational and Flees arch Meteorology 

TIROS-N Television Infrared Observation Saldliie-N/KOAA Series 

TOGA IVopical Ocean/Gtebd Atmosphere 

UCAR University Corporation for Atmospheric Research 

UNEP United Nations Eavsenmint Program 

USDA United States Department cf Agriculture 

USGS United States Geological Survey 1 

WCP World Climate Program j 

WMO World Meteorological Organisation j 

WOCE World Ocean Circulation Experiment 1 

WWW World Weather Watch J- 
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Appendix B: 

International Responsibilities 
For Climate-Related Data 

HCLMUT LAIJDSBSna 


Tho United States is a member of the World Meteorological Orga- 
nisation (VVMO), a specialised agency of tho United Nations. The 
body ia a successor to the International Meteorological Organiza- 
tion (IMO), founded ia 1G73 to foster cooperation in meteorology 
among the nations of ths world and promote uniform practices of 
observing and reporting. 

Since its inception, ths IMO end later ths WMO included 
climatological procedures ia their rules. Much of these in recent 
decodes have been regulated by the WMO Commission for Cli- 
matology, which has cot ths pace for six decades in the held and 
has had three U.S. presidents cincc 1951. With the creation of 
the World Climate Program (WCP) in 1979, the WMO identified 
climate, and thereby climate data, as a high-priority concern. 

A vigorous WCP is vital to tho attainment of major elements 
of tho U.S. international and domestic goals, in particular those 
espoused by the National Climate Program. For example, the abil- 
ity to monitor and develop climate prediction capabilities requires 
global data and understanding. Data from the Global Telecommu- 
nications System (GTS) are used by the World Food Board of tho 
U.S. Department of Agriculture, by the U.S. State Department, 
by private companies that monitor food production abroad, and 
also by the Aeoeesment and Information Services Center of NES- 
DIS (in support of the Agency for International Development). 
For such reasons, the United States has been the major proponent 
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of the WCP, influential in its design tad impbrossiaiica. A ma- 
jor component of the program b dedicated to data. An essential 
instrument, in which the United Staten hoe a major rob, b the 
World Weather Watch (WWW), through which the United States 
receives global information needed for cswssmoat end research. 

Tko international operational rules era laid down in several 
WMO documents. Essie deSmtieno end desired procedures are 
contained in the Technical Ecjtdcdionc. 0 Aside feca standards 
for meteorological observations, Chapter A.2.4 (3 pp.) b com- 
pletely devoted to climatological prastieeo. Three sections deal 
with climatological data end specifically state that all meteoro- 
logical observations, even if made for other purpeaxs, become cli- 
matological data after their original use. Quality control of these 
data and theca taken at climatological ct&tbns b an obligation 
of WMO members. Maintenance cf an archive and an inventory 
of climatological data is urged. As to international requirements, 
the regulations mandate an international exchange cf data from 
celectsd locations (CLIMAT stations) after the end of each cal- 
endar month ever the WMO telecommunications network. The 
list of locations was recently expanded to enhance assessment cf 
crop conditions, drought, and ether climate anomalies abroad that 
effect trade, assistance and cccurity, and also to previda a better 
been for understanding tko global climate and for its prediction. 

Tka WMO Commicsioa for Basic Systems (CBS) cpcciSoo ar- 
rcngcm:nts for tho oxchcngo end processing of meteorological and 
climate data accomplished through the GTS and the Global Data 
Processing System. By means of theca systems, weather data, 
forecasts, catellita date, end climate information arc communi- 
cated throughout the world in operational, or real, time. Raw 
data ero converted into insinuation at data centers and further 
distributed on tho basis of regional or national requirements. The 
World Meteorological Center in Washington is a major component 
of these global systems end has a central role in their performance, 
development, end use. The United States, o a a collaborator within 
the WCP, is the major provider of climatological monitoring infor- 
mation and data to the global community, obtaining the raw data 
via the WWW and interpreting it in collaboration with tbe Soviet 


* World MaUorolojictl Orgsniaeticn, Ttthtued Rtjulcixom, Buie Docu- 
ment* No. 2, WMO No. 49, Geneve (no dite, loose It si for continuous 
updating). 
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Union cad Australia. Too presidency cf CDS haa been held by the 
United Steles deco 1073. 

CHsato data tro published by tho NCBC ia the United States 
in o loathly publication, Llczildg CUmsiis Dzte for ttia V/ertd, 
now b its fchbty-dgLth yea?. Thb b cue cl tho moot widely 
coed csurccj c 2 climntis data. (Tba United States tea formally 
agreed in the V/T.iO bedien to issun thb publication.) 

Ths rcgulclicaa cbo ergs the fcsucaea cud iolcractbiisl Guthsege 
cf cstbnsl clbastaicgisd data pabliscticEO by netbad mstecro- 
logicsl errviecn. Other cirpaLlbna era fe? periodic re videos of 
co-eaUed “conuali’ (23- year averages of curfaoo temperatures end 
presipitctxca). Publication cf upper dr obeerv'otbos card handling 
cf chip observations era clco included b the regulations. 

Other WMO rccossmoadatissa for data handling cad data uca 
oro contained in tho Guide to Cli:nctclc^icd Practices.* Thb use- 
ful headbaoh cutliscn observational, standards, data processing 
practises, desirable publications (including formats), data presen- 
tations, cad cSstbtied analyses. Fe? interactional data exchange, 
WMO cad the International Civil Aviation Authority (ICAO) 
have agreed on ecla cf cHraatoIagicsl eummsrisa that must be 
cvcibbio fe? ell inlcmstlosci airports. Theca beta to ba periodi- 
cally updated by the weather cervices. 

Another data publication that has bat;a cf erect vdua in clima- 
to’.cgiccl research b the V/edd Wcsther Records. Thb was etarted 
cs a retiree cf bng-rcecrd weather ctatbna by tbs Smithsonian In- 
stitution in 1322. Thb publication was tahea ever by tbo Weather 
Bureau aft:? World War II end Lee been continued dace NOAA. It 
b saw producer by NCDC at the end cf each decade, based on the 
monthly CLihfAT data. Ths csxbs b now complete to 1970 and 
has earned the United States much praise from the international 
mstsorolojpcal end climatological research community. The value 
of tbo long climatological caries will remain high for the continu- 
ing monitoring of natural and man-made changes. International 
cooperation b mdicpsncab’a for such otudics. Thb b implicitly 
recognised by tho National Climsts Program Act. The legislative 
history cf the act directs attention to the need for international 
data exchange for asseesment of impacts cf climatic anomalies. 


* World f/str-orob-icrJ Organization, Clads to Gcnciclcpcd Predion, 2nd 
edition, V/I.tO-Ho. XOU, Geneva, 1083 (loots leaf fere at for continuoui 
opdotlro). 
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Ca a worldmdo btria this b c cw crcacbcd ia Ujp World Cli- 
mate Prcjram, jointly crfcogad by tho WKO, tho United Nationo 
Ehmrccmeat Prejscsa (UNEP), cad tha latsreatioad Ccasail of 
Sdantiilo Unions (ICSU). 

At tls3 repeal cf £C5U, tha United Stciea tea tjeced to 
maintain csrca Werid Data Centers. Tbcca tadeds: Weald Data 
Ceate? A for hfotecrelogy located at NCDC ia Arherilfo, North 
Cardiac; V.’crM Data Crater A for Gloelelajy (crcr? cad too) ia 
Bodtder, Colorado; end World Data Center A for Gsaass^rephy 
at NOAA ia WesMssten, D.C. 

Theso ceatera era in addition to the WMO World Data Center 
at Y/cahiagfcca Bad tho High-Altitudo Meteorological Beta Center 
eX Ashsvillo. The United States coiiehorr.tea with other eonntriea 
to maintain there csntoa end to prevido relevant information. For 
exemplo, it capplico eseso data to the World Cacao Data Center 
in Dowesvisw, Ontario, Canada. 
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